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PREFACE 



In presenting this little book to the public I simply 
invite the reader to follow me in a brief outline of the 
rapid advancement that practical application of electri- 
city to motive power, etc., has taken in the last few 
years and to accept the facts which I have obtained from 
some of the best electricians in the country. Being 
aware of the chief drawbacks in most standard works 
on the subject, I have tried to avoid technicality and to 
give a brief and simple description of the subject in a 
manner for the ready comprehension of everybody. 

The following works have been consulted in the pre- 
paration of this volume : "Dynamo-Electric Machinery" 
and "Elementary Lessons in Electricity and Magnetism," 
by Sylvanus P. Thompson ; "Electricity in the Service of 
Man." by R. Wormell, D. Sc., M. A. ; "The Electric 
Motor and its Applications," by Messrs. Martin and 
Wetzier, I am also indebted to the several standard 
electrical publications of the day, such as the "Electrical 
World," "Electrical Review," ''Engineering News" 
"Western Electrician" and the "Electric Aofe." I wish, 
also, to make grateful acknowledgements to Mr. Albert 
E. Rohrer, of the Thomson-Houston. Co, at Lynn, 
Mass,, and the several other electricians of the same and 
other companies for valuable assistance rendered. 

EDWARD TREVERT. 



Lynn, Mass., xSSq. 



PREFACE TO FIFTH EDITION. 



In no other field are there so many changes and im- 
provements constantly being made as in the Electri- 
cal Field. Hundreds of new patents are being taken 
out every year and in order for one to be up to the 
times he must not lose a moment in his studies of this 
all absorbing science. 

Since the first publication of this volume a little over 
one year and a half ago, twenty-eight thousand copies 
have been sold — a very flattering success to the author. 
For these reasons I have thought it advisable to revise 
the fifth edition hoping that its success may continue. 

EDWARD TREVERT. 

Lynn, Mass.. Sept. i, 1891. 



PREFACE TO SEVENTH EDITION. 



The rapid strides which Electricity is taking and 
the many changes taking place from day to day in 
the construction of Electrical ^lachinery have com- 
pelled me to again revise this little book. Such changes 
have been made as thought best by the author to brfng 
it up to date. 

EDWARD TREVERT. 

Lynn, Mass., Jan. i, 1S94. 



Electricity and Magnetism. 

DISCOVERY AND EARLY EXPERIMENTS, 



Geographers in studying a river are not satisfied by 
simply making an examination of its mouth, noting width, 
depth and volume of water flowing in a unit of time, 
etc., but it is best understood by tracing its sources and 
its tributaries. How much, or rather how little would 
we know about the great father of waters — the Missis- 
sippi — unless we traced it to Lake Ifasca, and its main 
tributaries to their sources in the Alleghany and Rocky 
Mountains. So in attempting to acquaint ourselves with 
the principles upon which the practice of electricity 
to-day is founded, it is desirable to review briefly the 
early knowledge and progress of the science, and to 
trace the tributaries in the shape of discoveries of this 
mighty river, if you please, wiiose current has within 
the last half century or less, completely revolutionized 
business methods and well-nigh social life. The continu- 
ous progress in the advancement of science shows that 
no one man or no one generation of men, can be justly 
credited with all that is connected with any of the great 
discoveries with which science has enriched the world. 
They have all had the benefit of the experience and 
labors of their predecessors and have built upon them. 

The first knowledge of electricity came from the fact 
that when amber was rubbed it attracted light particles; 
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this is the original experiment and has been handed 
down from the remotest antiquity. No doubt that a 
great deal of the romance connected to this substance is 
due to this fact. The statement is made in early 
writinu^s that workmen engaged in polishing amber, 
which was highly prized by the ancients as an ornamental 
gem, w^ere seized with violent tremors in their arms, aa 
exaggerated account of what might have occurred from 
rubbing the substance. For several centuries this sug- 
gestive experiment was forced to stand alone without any 
attempt to investigate. Electricity above all other 
sciences is wholly dependent upon experiment for its 
development. It is the product of the laboratory and of 
the scholar, and is not due to the genius of the inventor. 
Naturally then it had to await the coming of the seven- 
teentii century-, or. rather the closing of the sixteenth 
century, when Lord Bacon by his philosophy, and 
William Gilbert by his work, awakened the time to the 
fact that experimental research and inductive methods 
were the true principles of philosophy. 

Dr. Gilbert, who was first physician to Queen Eliza- 
beth, can be justly ascribed the creator of electricity hf 
virtue of the large number of experiments he made and 
the conclusions he arrived at. He found that many 
substances other than amber possessed the power of 
attracting light particles when rubbed, such as glass, 
sulphur, etc. The next two centuries saw great strides 
in the development of this new science in which the 
philosophers of that time were all interested. You ar& 
z\\ somewhat familiar with the work of Benjamin Frank- 
lin, " whose discoveries," according to a celebrated 
English electrician, were so extensive and brilliant as 
to give a form and dignity to the science of electricity 
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which it had never before possessed, and raised their 
author to a high rank among the distinguished philos- 
ophers of the eighteentli centur}^'* To FrankHn is due 
the first and only really useful application to the affairs 
of every day life of all these years of study and thought ; 
I refer to his invention of means for protecting buildings 
from damage by lightning. 

At the close of the eiofhteenth centurv an Italian 
philosopher saw in the twitching of a frog*s legs the 
opening of a new field in electricity, or we might say 
modern electricitv. The well established storv goes that 
Galvani had been investigating the effect of electricity on 
the muscles of frogs, and some of these animals were 
hung on an iron railing by means of copper hooks, and it 
was noticed that the muscles twitched when there w^as no 
electrical disturbance apparent in their vicinity. Galvani, 
whose experiments hitherto in this line were confined to 
an electrical machine, was led to believe that tiie frog 
itself was the source of the electricity, and that the pieces 
of iron and copper were only conductors. It is not neces- 
sary to add that when Galvani's discovery became known 
it attracted the attention of students of electricity in all 
countries. 

Volta, a countryman of Galvani, found that two 
different metals were essential in the production of the 
new electricity, and he constructed his battery, or pile, 
which w^as composed of silver coins and pieces of zinc, 
with moistened paper between them ; with this he found 
it possible to produce all the effects of electricity which 
were producqd by friction on glass and sulphur. The 
voltaic pile was, however, improved in a very short time 
by Volta, and instead of building it up simply with two 
pieces of metal with moistened paper between, the 
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metal strips were placed in cups of water in very much 
the shape we find it to-day. As these experiments ot 
which we have spcVen were published to the world, a 
great many other men began working in the same direct- 
tion, and before long it was discovered that the electric 
current would decompose water, and electro chemistry 
came up for its share of attention. This interested a 
great many men, to one of whom especially is due a very 
historical experiment, which I shall speak of later. I 
refer to Sir Humphrey Davy, who became very much 
interested in these experiments and who constructed a 
number of very large batteries. He became so much 
interested in his brilliant discoveries that he could with 
great difficulty compose himself, and the mental labor 
and the excitement he experienced at the time threw him 
into a typhoid condition which threatened his life — and 
they were reni:irkable experiments, and I do not wonder 
that the man at the time was wrought up to such high 
pitch because there were so many ideas crowded upon 
him as to throw him into a sort of ner\'ous prostration. 
As soon as lie recovered from this attack of typhoid fever 
]ie constructed his large battery which was composed of 
something like 2.000 cells, and this historic battery was 
tlie source of the fust flashes of the electric arc. That 
was in iSio. If ) ou w Ul allow me I will read a brief 
description uhicli I)a\y wrote at the time. He says: 
" When pieces of charcoal about an inch long and one- 
sixteenth of iin incii in diameter were brought near each 
other, say one-thinicth or f>ne-fortieth of an inch, a 
bright spark was produced, and more than half the 
volume of the charcoal became ignited to whiteness, and 
by withdraw ino the points from each other a constant 
discharge took place through the heated air in a space 
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equal at least to four inches, producing a most brilliant 
ascending arch of light, broad and conical in the 
middle." Of course the light did not last long as the 
charcoal being soft burned rapidly away and the pieces of 
charcoal were simpl}^ fed towards each other by hand. 
But very soon this was improved upon by Foucault and 
by others, who made a lamp which would feed the 
carbons by clockwork. 

You will please note then that the singular discovery 
of Galvani, and the experiments of Volta, may be 
regarded as the introductory to the modern applications 
of electricity, as they made a great stride toward the 
electric light, the telegraph and the telephone. 

Although the names of the discoverers of most of the 
important inventions and the locality where they were 
discovered is known, yet no doubt all the world would 
be very glad to do honor to the discoverer of the magnet 
and the inventor of the magnetic needle or mariner's 
compass. But the history of these is unknown. It is 
said that in the records of the Chinese, some 3,600 years 
before Christ, that they knew and made use of the 
magnet (the natural magnet or loadstone), and I believe 
the fact is noted in their histories that their armies wxre 
led across the large plains in the interior by a combina- 
tion of loadstones which is represented by the figure of 
a man. They carried him along in a wagon and his 
extended arm always pointed toward the south, which is 
opposite to the direction in which we consider the 
needle as pointing — towards the north. It is also known 
to have been in use in a similar manner in Japan. The 
Greeks and Romans knew of the attractive power of the 
loadstone or the natural magnet, but were entirely 
ignorant of its polarity. Its attractive power was 
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known because it is spoken of in the literature of the 
day, one in particular, where a shepherd is said to have 
been held to a magnet rock by the iron on the end of his 
staff. We also know that these loadstones or natural 
magnets were made use of in the ceremonies of the 
temples. Many of you are probably familiar with the 
story of Mahomet's coffin, which is said to have risen 
from its resting place and " soared in a sanctuary built of 
magnetic stone." There are many such traditions. One 
in particular occurs to me, that there was a very large 
magnetic mountain in the sea over which it was impos- 
sible for ships to sail because of the iron bolts and other 
iron articles on it, so that when a ship passed over this 
mountain it would pull it to the bottom. Besides this it 
was supposed that if anyone carried with him a loadstone 
it \\ould win him the love and friendship of others, or 
would make him successful in business. And it was also 
stated that ha\'ing a loadstone it would be possible for a 
man to tell whether a bride had accepted him from 
motives of affection or considerations of a pecuniary 
nature. 

9 

Soon the scientific minds of the day suspected that 
there must in some way be a very intimate relation 
between magnetism and electricity, and there were many 
minds seeking after the missing link. It was left to the 
son of a Danish apothecary to make the second great 
discovery in electricity. I refer to Oersted's discovery 
that a magnetic needle when placed parallel to a con- 
ductor carrying an electric current would be deflected 
from its position to the right or to the left as the case 
might be. This pointed out an entirely new field, and in 
a very few days after he made this discovery the laws con- 
cerning this ])hcnomenon were put into practical shape 
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by Ampere, whose name we make use of in one of the 
electrical units of to-day. It is upon this discovery by 
Oersted and its explanation by Ampere, that the whole 
science of electric-dynamics rests. The fact that a 
current of electricity would affect a magnet was a fore- 
runner of the electric telegraph. The first electro 
magnet may be considered to have been constructed by 
Sturgeon, who wound several turns of bare copper wire 
around a bar of iron, simply insulating the bar and 
winding the wire upon it, a thing which seems very 
crude to us to-day. It was soon discovered by another 
man — I refer to Prof. Henry — that the magnet could be 
made more powerful by putting more wire on it and 
insulating the wire by wrapping it with cotton or some 
other material. He constructed some very large magnets 
in this manner. Thus we have the discoveries of 
Galvani and Volta which constitute the first step, tlien 
the discovery by Oersted and the theory expounded by 
Ampere that make up the second great discovery of 
electricity. This histor}^ would be entirely incomplete 
however, were we to leave out another man, a man for 
whom I have a great deal of veneration, and upon whose 
work the whole science of dynamic electricity rests. I 
refer to Michael Faraday, the distinguished son of an 
Enerlish blacksmith, to whom and to whose work is due 
all the striking applications of electricity we see in use 
to-day. Faraday was prepared for his great work by 
his association with Sir Humphrey Davy in the capacity 
of an assistant. He was a man who stood beyond all 
other men of the period, and on him rests a great deal of 
the success attained in the study of this science. Tyndall 
says of him that *^The intentness of his vision in any 
direction did not apparently diminish his power of per- 
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ceptioii in any other direction, and when he attacked a 
subject expecting result, he had the faculty of keeping 
his mind alert so that results different from those which 
he expected should not escape him through preoccupa- 
tion." He began his work in 1825. Faraday knowing 
that magnetism was produced by electricity, attempted 
to produce electricity from magnetism, and in his original 
experiment he used an iron ring on which was wound two 
separate coils of wire, to the terminals of one coil he con- 
nected a battery, and the terminals of the other coil were 
connected to a galvanometer, which as I have already ex- 
plained, will detect the presence of a current of electrici- 
ty. A coil of wire consisting of a few turns, the ends of 
the wire connected to the reflecting galvanometer, will 
also illustrate what is meant by induction. Whenever the 
bar magnet is moved towards or away from the coil, the 
spot of light is seen to move to the right or to the left as 
the case may be, and is only momentary, lasting during the 
tm.e of movement. Let the magnet be fixed and the 
coil of wire moved and the same results are obtained. 

_ All that is necessary in producing a current of electri- 
city IS that some change is made in the coil of wire or in 
the magnetic atmosphere in which it is placed. In other 
M ords, whenever the number of lines of magnetism or 
hues ot force threaded through a coil of wire is made to 
vary, then there is produced in the coil a current of 
electricity. The model of the first dynamo machine that 
was ever made involves this principle, and the original 
was invented and manufactured in a single day by 
Faraday It consists of a copper disc so m^unted'that 
can be revolved between the poles of a magnet; the 
ax,s and ed.e of the disc constitute the terminafs an^ are 
connected to the galvanometer ; on turning the disc the. 
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spot of light moves across the screen showing the 
presence of a current of electricity. This then is the 
p^irent of all dynamos that are to day producing the 
electric energy which floods witli light all the civilized 
towns and cities of the world. Some of the earlier forms 
were constructed by Pixii, Pacinotti and Clarke ; Dr. 
Charles G. Page, a physician of Salem, was among the 
early workers and designed some very good types. It is 
said that he constructed his first electrical machine when 
but ten years old. After these we have the Alliance, 
Wilde, Ladd, Gramme, Siemens, Brush, Weston, 
Edison, the large Gordon and Thomson-Houston.— 
(Fro7n a lectuj-e given by Albert L,, Rohrer*of Thom- 
son-Houston Co.) 



The Dynamo Electric Machine. 



Until the invention of the dynamo, the electric battery 
was the only known generator of the electric light, and 
it required a battery of 40 to 50 Grove cells to produce 
a strong light that would last but a few hours. The 
expense and labor of renevvinor the fluid in these cells 
every few hours, the large amount of space they would 
occupy, and the noxious fumes arising from such a 
battery, made its use impracticable. Bearing these facts 
in mind, it is easy to see why electnc lighting, though 
knovn in iSoo, was only a laboratory experiment until 
about 1S67. 

The dynamo or electric generator consists of a field 
and an armature. 

The field consists of magnets, which are iron cores 
sohdly connected with an iron frame. Upon the ma<:^- 
nets are wound layers of insulated wire. These magnets 
are called electro magnets, as they become ^nagnetic 
only when there is an electric current passin^r through 
their coils. 

The armature consists of a shaft to which a number of 
coils of insulated wire are affixed, and rotates between 
the poles of the magnet. Metal plates or bundles of wire 
called brushes conduct the current generated in the 
armature to the circuit. 

There are two types of dynamos: the continuous 
current and the alternating current dynamo. 

In the continuous current dynamo the current gen- 
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crated always flows in the same direction, there being a 
commutator from which the current is collected by the 
brushes. 

In the alternating current machine the current gen- 
crated flows at rapid intervals, first in one and then in 




the opposite dirccli(Hi. This (I\ ii.imu Ikiv isig no C(jni- 
mutator, a collector of two irulal imv^s is necessary on 
which the brushes rest. The lua^Miets of this machiiu- 
must have a coiUiiuious cui i cnt to excite them, and this 
current is generated by another small, continuous current 
Machine which is called the exciter. 
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iheir ;.rc three ways of wnulin- dynanius: the 
Maries, the sliunt and the compound. hi the series 
wound dNn.un<., the genenited cin rcnt is passed through 
the field ,n;ij,^net coils which are connected in series with 
tlie arni.-itnre .ind exiernal cncuit. 

In the shunt wo.nuj dynamo the Held magnets are 
^ynuu\ u i,h fine wi.e to receive only a small portion of 
the whoJe cinent -enerated in the armature. 'j^hese 
rod. are connected t<. the brushes of the machine and 
constitute a l,y pass . ircuit, or what is called a shunt 

' 'h- eompo.md w-umd dynauio « comhination of the 
-ne, . d ^^^^^^^^^^^ ^^^^^.^^^ ^^^^^^ 

' <"i incandescent lightin/.^. 
i" give ,..„). r ., I,c ,.c , i.k,, of „ dv„an.«, I 

Olu«n.,e ,t In ,).e diagrun, o,> llu- prccedinj. p.ge. 



1 1...S ng.,re rcprescnu a simple series wound dy„„.„„ 

W the , baratmn (I.e win.ling of the field .„aj;net i« 
confined to . few „„„s, a.„i noticing ,he direction 

earned ihr«iii ' h the coiU f,f <k r i j 

•-/e .u own ,„«gn.-U when there is too n.uch 

J ' t T . V t t I 



fi,, ' """iher of nicla) l,ar» 

4 nsulat.-,) (,o,n one another, and each har 
^ -U elcclncity fro™ tt.c coi. or coils attached „ T, 

•he current jfrnerattd. '""ion of 

' ■ ' -a-ula.or i. for regulating the flow of the current 
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lo meet the demands of the circuit. Without it there 
would be no way to regulate varied effects of lighting 
additional lamps, or of extinguishing them, and there 
would be a constant danger of overheating and burning 
out of the armature and field magnets, short circuiting, 
etc. 

The Thomson-Houston Regulator is an electro mag- 
netic regulator; that is, it dopci: Is on the electro magnet 

to adjust itself. The regulaticju of the current is obtained 




by automatic shifting of the hmslics in such a way that they 
diort circuit one of the armature coils for a greater or less 
period of time, as the occasion may require. This is ac- 
complished by a contrivance shown in the cut above. 
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When t'lDin a retluction of resistance in the lamp cir- 
-cuit l>v the extinguishing of a lamp, or otherwise, the 
curi'ent feeding tiie other lamps becomes liable to an ab- 
nor!'^;!l Increase ; this increase of current is made to flow 
through the coils of wire surrounding the Iron core of the 
regulator ; the coi e then becomes magnetized causing 
the \ oke to vvhicli the brushes are attached to be drawn 
up towards tiie reguhitor magnet. This results in shifting 
the brushes on the commutator, so that they draw away 
from the niaximuni point, decreasing the potential. 
When more lights are turned on the reverse action takes 
place. The current governing the regulator is cut in and 
out by means of a pair of electro magnets, termed the 
controller magnets, connected with tlie regulator magnet 
of the dynamo. 

Perhaps it would not be amiss to say here, that a few 
years ago electricians looked forward to the delivery of 
So to 85 per cent of the engine power operat.' ng the dy- ■ 
namo. Now the best dynamos deliver in electrical pow- 
er over 93 Der cerit of the steam power transmitted to 
them. 

Now tliat we have gone over the general principles of 
a dynamo electric machine, we -.vill look into some of 
the different systems. 

^ The Thomson-Houston Arc Dynamo, illustrated on 

the following page, is remarkable for its construction. 
It v^^as designed by Professors Elihu Thomson and Edwin 
J. Houston, of Philadelphia. Its armature is nearly 
spherical and is wound with only three coils. The three 
coils are wound over the shell of the armature in three 
sets of windings, each layer being insulated from the 
shell and its neighbors. When the winding is completed 
the three ends of the free coils are carried through an 
opening in the shaft and attached to the three segments 
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of the CLimmutator. The field magnets are cup shaped; 
they consist of two cast iron tubes, furnished at their 
inner ends with hollow cups cast in one with the tubes, 
and accurately turned to receive the armature. 

Upon these tubes are wound the coils ; afterwards the 
two magnets are united by means of a number of wrought 
iron bars which constitute the yoke of the magnet and at 
the same time protect the coils. The magnets are carried 
on a framework which also supports the bearings for the 
armature sliaft. Another remarkable feature of this 
machine is that its commutator has only three parts. 

The largest machines have an electromotive-force of 
3.000 volts, and will maintain 63 arc lights in a single 
circuit. 

The Thomson-Houston (direct- current) Incandes- 
cent Dynamo designed by Professor Elihu Thomson for 
su]:)plying large currents at low potential is outwardly of 
similar structure to the arc dynamos. But in this 
ma( hinc the s[)liciical armature is wound as a closed-coil 
in sixteen set tions. The field magnets are much more 
massive and llic output of the machine more than five 
times as great in pro])rjrtion to its size. It is compound 
wound; the series coils being nearest lo the armature 
with the .siiunt coils behind them. 

Description of Ferret Dynamos and Motors. — The 

chief distinctive feature of these machines is tlie method 
of constructing the field magnet whereby the well-known 
advantages due to lamination and to the best quality of 
iron are secured, while the cost, which has heretofore 
been a bar to the commercial use of such magnets is 
reduced nearly to that of forgings. This method of con- 
struction is peculiarly adapted to machines of small size, 
and by its use their efficiency is greatly increased, as a 
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test will show. It may also be used to advantage in 
machines up to ten-horse power and even higher, as by 
the ingenious shape and arrangement of the plates a 
magnet of large size may be built up of comparatively 
small plates, which are stamped from sheet iron, no other 
machine work being necessary. Eight sizes, ranging 
from I 1-2 to 2 H. P. are now made. 

In the 1 1-2, 1-8 and i-6 H. P. sizes, a magnet of the 
ordinary U-shape is used in which the plates are so 
formed and put together that the limbs may be swung 
apart and clamped to the face plate of a lathe for 
winding, after which they are swung back and bolted fast. 

In machines of 1-4 H. P. and upwards the double 
horse-shoe shape, with consequent poles, is used. These 
are shown in the illustration on the following page. 
Upon removing the two bolts which pass through the 
yoke, the top half of the magnet may be separated from 
the lower half. Each half is then attached to a lathe or 
other suitable machine and wound by revolving it, after 
which they are put together and the bolts replaced, all 
these operations being very simple and very rapidly done. 

An important feature is the extremely low resistance 
of the magnetic circuit, which is due partly to superior 
quality of iron, tlie use of which is allowed by this con- 
struction, aiKl partly to the smallness ot the air gap 
between the pole pieces and the iron of the armature, 
which is of the drum type, with teeth. In the long- 
itudinal recesses formed by these teeth the armature coils 
are wound. 

This construction increases the efficiency, allows a lar^^e 
reduction in armature speed, and improves the regulation. 
As showing this, reference is made to the 1-2 H. P. 
machine (see illustration) which weighs complete with 
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pulley seventy pounds, and has a commercial efficiency 
of eighty to eighty-five per cent. As a shunt-wound 
dynamo it will generate a current of four amperes at no 
volts when run at a speed of i,Soo revolutions per 
minute. 

The armature is wound with 7,000 inches of conductor, 
which is at the rate of about 64 inches per volt, at the re- 
markably low peripheral speed of 1,500 feet per minute. 

The armature shafts are of high grade steel. The 
bearings are all accurately fitted and are very long in 
proportion to their diameter, being in the smaller sizes of 
hard composition, and in the larger of babbitt metal. 

The commutators, which ordinarily are liable to great 
wear and damage, have received particular attention, 
being made of a special hard bronze. 

The motors are usually shunt-wound, and on constant 
potential circuits run at practically a constant speed, 
regardless of changes in load. They are provided with 
switches for starting and stopping, and in the larger sizes 
the switches are prov ided with resistance coils, an ar- 
rangement which is much handier than a separate 
rheostat. 

The New Sperry Dynamo is illustrated in the en- 
graving on the following page. 

In an analysis of the Sperry generator it will be seen 
that the wire wiiich is to revolve in the presence of the 
field magnets, is placed at a good distance from the axis 
of rotation ,n such a manner that a high peripheral 
velocity is obtained with a comparatively low rate of 
revolution of the armature shaft, thereby wasting as little 
as possible in friction at the journals; and depreciation 
of the wearing parts of the machine is avoided. 
Secondly, the presenting the greatest possible percentage 
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of this generating conductor to the magnetic masses or 
pole pieces of the field magnets compels the induction 
in the space occupied by the generating conductor to be 
the highest possible, and at the same time makes the 
resistance of the magnetic circuit of the machine the 
lowest possible. 

The entire absence of overlapping of the coils is of 
great practical value. In case of injury sustained by one 
coil it will not cause the destruction of the whole 
armature, as the injured part can easily be removed and 
replaced without disturbing any other coil and without 
unwinding the whole armature down to this point, as in 
case of most forms of the cylindrical armature. 

The leaving of the inside of the armature free to the 
pole pieces is valuable for ventilation, and in thus 
keeping the armature cool its electrical resistance is 
reduced and the danger of burning is avoided. 

The dynamos are so constructed as to be operated 
several in series upon a single circuit. This greatly 
reduces the expenses of construction, as modern practice 
m insulalicn admits of high electromotive forces beiucr 
employ..]. The total electromotive force upon the line 
hemg gcn.crated at several points is considered more 
leJ.able than when generated within the terminals of a 
single machine. 

The plates of the armature core are made of thin iron 
well annealed, and each carefully insulated from the 
other, and the whole mass supported 1^- i>olts which 
project from the edge and which are u.ed support the 
whole to the gun metal spider by ..cans which it is 
mounted upon the armature shaft. 

tibl^' TT" "'^'^ ' co.tingof non-combus. 

bble and mdestructible substance, the basis of which is 
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asbestos. This substance has a very high insulating prop- 
erty, and cannot become charred by any temporary over- 
load. The commutator is of the usual form, mica being 
employed as insulation throughout. It is very durable 
and of simple construction. 



The Mather Electric Railway Generator.-Recogniz- 

mg the demand for power transmission by means of the 
electnc current, the Mather Electric Company has brought 
out a series of machines for that purpose. The genera- 
tors are bu.Ir up ,030,000, 50,000 and 75,000 watts with four 
poles, and ,So,ooo watts with six poles. Drum armatures 
nre used in all the machines. In the four-pole machines 
t^e w,nd.ng ,s such ,hat the current has but two paths 
'1-ough the armature wires, and by a special method, de- 
v.sed by Prof. Anthony, no two wires having anv great 
■fference of pc.en.ial are brought near each otber'. The 
; Ius,ra.,on represents ,ho ;5.coo-wa,. generator show- 

i h^ e^^^^^^^^^ ^" '^-^ ^-Po'e ...chines, 

«Uh ,he field magnet in one casting. ]„ ,he .Ro 

Six-pole machine the field magnetl cast n w Ir;: 

^lead of acros.s the maonciic circle. 
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Tlie Scliiiyler Dynamo ^or electric 

arc lighting- is shown on the follow- 
ing page. It is of original design 
and of simple construction, beings 
composed substantially of but three 
parts, — armature, top and bottom 
fields. It is of the open circuit type» 
which is acknowledged to give some 
of the best results in both economy of 
operation and brilliancy and steadi- 
ness of light. One especially impor- 
tant feature of this dynamo is the 

armature. 

The Safety Ventilated Armature of 
the Schuyler dynamo (see accom- 
panying illustration) is of the drum 
type and of such construction that it 
permits the passage of air through it 
from end to end, which serves to 
keep the armature cool at all times, 
and renders overheating and con- 
sequent burning-out impossible. 

The drum form used in the Schuy- 
ler is capable of developing the 
greatest amount of energy ; but its 
form and air spaces are absolute pro- 
tection against overheating. 

The armature is entirely simple, 
and at the same time is compact, 
reliable, and efficient. 

Another valuable feature of the 
Schuyler dynamo is the self-lubri- 
cating bearings. 
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Commercial Dynamos and Motors. -'nie.se dynamos and 

motors are all of llio siiiL;ie U uiuleriype, wiih the arma- 
ture at ihebattom, which theory and experience has shown 
to be most desirable, for both mechanicil and electrical 
reasons. Tho aim in the design of these machines has 
been to produce only the best, and it is believed that this 
determination, coupled with our novel methods of con- 
struction, have resulted in a line of dynamos and motors, 
having more desirable features, viewed from the user's 
standpoint, than any now on the market. 

The field magnet frames of all machines are made of 
forged wrought iron throughout, no cast iron being used 
in them. Lighter, more sightly, more efficient machines 
are obtained, as a result of this construction. No other 
company in the United States is using forged wrought 
iron exclusively for field magnet frames. Gramme arma- 
tures of large diameter are used in machines from ^ to lo- 
horse power, giving ample room for the many turns of 
wire required on these small machines for high pressure 
and insuring non-liability to burn-outs and ease of repair. 

Armatures in machines from i to lo-horse power are 
wound for the no volt pressure with but one layer of 
wire, and for the 220 and 500 with but two layers, another 
feature which renders burn-outs unlikely and repairs easy. 

The air-gap in the above sizes of machines is much 
shorter than is usual with smooth core armatures, and the 
amount of field exciting force required consequently small. 

Machines above jo horse-power in capacity have the 
Siemens t pe of armature, the diameter of which is so 
chosen, in each case, that the air gap may be made as 
short as the demand for a fixed neutral point will permit. 
The point of commutation is constant under all changes 
of load, within the capacity of the machines, due to the 
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great ''''' ^''^ 

generators are accurate y cnmnr" and power 

<eed ,0 be amomatic .^lo ^sTl :f ?^ ^ ^"-^an- 
ch.nes are simple shunt wound /'^«^°-Pl^'i"g n,a- 
all machines are made of nho.-'.h , ^'"'"""^ sleeves in 
tator.ofpure, hard ccVpe it^ """^ ^o,r,mu- 
self-oilinic ^^""^'"8^ all machines are 
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The New American Dynamo, — The foUowing en- 
graving gives a very good idea of the size and general 
appearance of the new improved dynamo. It is of the 
Gramme type. 

The heart of :/.e Dynamo is the armature. It is in 
this vital part that Mr. Wood has made his greatest im- 
provements, and given the American system one of the 
most perfect, substantial and reliable armatures known to 
electrical science. 

The Armature offered by the American Company is 
of different construction from any other, being made in 
the form of a ring of soft iron wire. It is then closely 
covered with coils of carefully insulated copper wire. 
These coils are so insulated and placed in the new arma- 
ture as to prevent the possibility of a short circuit be- 
tween them. 

f 

The commutator plays an important part in the pro- 
tection of the armature. The narrow copper plates of 
which it is made are tlioroughly insulated from each 
other with fire-proof material. It is so constructed that 
one or more of its sections may be readily removed, 
without interfering with the remaining ones. Where the 
ends of the armature coils are connected to the commu- 
tator clamps, they are enlarged so as to increase their 
stren^^th and lessen their tendency to vibrate or break. 
These enlarged ends are connected with the radial arms 
of the commutator, by a screw clamp of patented design. 
This enables any section or coil in either the comnnita- 
tor or the armature to be easily removed or replaced 
without seriously interfering with any other part of the 
dynamo. 
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The destruction of an)' part of tne armature of any other 
system of electric lighting would immediately disable the 
machine, and render it useless until replaced by a new 
■one. This would cost several hundred dollars, while the 
price of repaiiinj^^ the American armature would be very 
tricing on account of the great number of individual 
coils and tlie ease with which any one of them can be re- 
moved or replaced. The centre is composed of a gun- 
metal spider so constructed as to give perfect ventilation, 




THE NEW AMERICAN DYNAMO (Wood's Patents.) 

and the greatest strength with the least weight. The 
spider also absorbs any undue heat that may be electri- 
cally developed in the ring. This heat is so^quickly dis- 
persed by the current of air produced that the tendency 
to overheating is entirely removed. The manner of hand- 
ling the brushes in the American dynamo is another point 
of superiority. They are quickly and rapidly adjusted, 
do not spark, are easily trimmed and well protected. 
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The Fontaine Crossing Co.'s Low Speed Dynamo is 

shown in the accompanying engraving. It is designed 
esp'jcially to be used on steamboats and isolated plants 
in general, and so far has proved a success. One of 
these dynamos is now in use on board the E. C. Pope, 
the largest freight steamer on Lake Michigan, operating 
the equivalent of 225-16 c. p. lamps at a speed of only 
450 revolutions per minute. 




The Alternating Current System —This system has 

many points of superiority over the direct system, 
especially for incandescent lighting, and in arc lighting it 
consumes the carbons with much more ev enness than the 
direct current, thus giving them a much longer life. 

In the alternating current system, by the use of a con- 
verter, it may employ a high tension of current in the 
conductors and a low tension in the lamp; that is, it 
may employ for ordinary distances — one or two miles 
— when there is a tension of loo volts in the distribution 
circuit, and yet the same dynamo may send out a portion 
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...v. ^....^.,1 ,„,acu Lu ti tension ot 2,000 or 3,000 volts 
to a much further distance ; also, it may be emoloj ed to 
dehver currents to both 50 and 100 volt lamps from the 
same conductor. 

In the alternating current machines, electric currents 
are induced in the armature coils by causing the amount 
of magnetic induction through them to alternately in- 
crease and decrease. Most frequently there is not simply 
an alternate increase and decrease, but an actual rapid 
reversal in the direction of the magnetic indt.ction. In 
some of these n.,acl,ines, as in the majority of continuous- 
current dynamos, the armature part rotates while the 
field-magnet part „f the machine stands still. I„ others 
ho.vever. the armature part-that is to sav, the part com- 
pnsn.g the coils through which the magnetic induction 
to be rap.ctly reversed or varied-is a fixture, whilst 
the field-magnets are made to rotate. In a third class of 
mnchtnes both arnutture part and field-magnet part are 
hxed the amount of magnetic induction passing from 
e latter through the forn,er being caused to v^ry o" 
alternate m direction by tne revolntio,, „r , ■ 
■ pieces of iron. >^^olution of appropriate 



Tl.e underlying p,:inci;,V;7rhr?em3e fe'ss"^ 
dynan,o ere illustrated, was discovered and applied by 
Ml. M more than 10 3 ears ago, and new demands 
now called for Us extended application on a rejidar 

The first glance at the dynamo shows that it is novel 
comjiact, symmetrica; and strong A 1 ■ r '=_"ovel, 

shnw« ,K V • - ''""^"°"g- A brief examination 

mZet ,e ' "T •'"'"""^"'"^ '^1-= field 

".nonets .,e many and carried by the shaft; that the 
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armature is fixed and absolutely free from any magnetic 
material ; that its parts are easily accessible, and that an 
armature coil may be cut out, removed or replaced with- 
out stopping the machine. 

The machine chosen for illustration and description 
has an output of 60,000 watts ; it supplies current for a 
thousand i6-candle power lamps. 




The shaft bearings, bearing standards, base plate and 
armature slides are cast in one solid piece. The center 
line of the shaft is 16 and 11 i6th inches above the sur- 
face of the base plate, high enough for access to all parts 
of the dynamo and low enough for steadiness and free- 
dom from strain on foundations. The 4-inch steel shaft 
(tapering to three and a lialf inches in the bearings), 
<:arrics two heavy cast-iron yoke pieces, 27 inches in 
diameter. To each of these are screwed, at e(iual radial 
and circumferential distances, the vvrought-iron cores of 
12 magnets of alternating jmlarity. The two yoke pieces, 
with their bolts, washers, etc., weigli about 950 pounds ; 
the magnet cores, 30S ; the magnet wire, 400. Thus the 
-whole rotatintj mass of cast-iron, wrought-iron and copper. 
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acts as a fly-wheel weighing more than 1,700 pounds* 
and tending to neutralize any variation in the speed of 
the prime generator. As the nominal speed of the 
machine is fewer than 1,100 revolutions per minute, the 
structural strength is more than sufficient to meet all de- 
mands made hy centrifugal force. Further than this, the 
mechanical stress is less when the magnets are excited 
than when the alternator is running Avithout load, as the 
lines of magnetic force between the faces of opposing 
poles, tend to counteract centrifugal force. 

But the most interesting part of the alternator is the 
fixed armature, shown in the full page engraving. The 
vertical disc is occupied by flat armature coils, made of 
insulated copper ribbon wound on porcelain cores. The 
copper ribbon of each coil is reinforced on either side 
with strong insulating material of the same thickness as 
ihc porcelahi. One of these reinforcements is grooved 
^HKl the other tongued. The coil, consisting thus of 
core, ribbon and reinforcements, has an angular width of 
60 degrees. The upper part of each face of each coil is 
covered with an insulating plate 5-i6th of an inch thick. 
I he CO.] thus built up and insulated is set in German 
Silver holders, cut from true turned rings and held to- 
J^ether by sunk-headed screws, as shown in engraving. 
Kach termnL-ii of the copper ribbon connects with a 
binding post ;is sliovvn. 

The six armature coils thus mounted are carried in a ' 
German silver frame consisting of two semi-circles bolted 
together on the line of the vertical diameter. The cross, 
.section of this ring fiance is girder-like. Into the slots 
of the trame-shp the six-mounted armature coils, the 
tongue on the edge of the one engaging with the groove 
on the edge of the next. The coils thus thrust into the 
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intense ma-netic field constitute a disc, 9.16th of an inch 
in t!)ickne.s>. am] uiih an opening in the centre through 
which pa.ses the revolving shaft. As there is no mag- 
netic metal in the annattire tliere are no local currents to 
waste the energ\'. 

The several coils are insulated carefully, and the sta- 
tionarv armature, as a whole, is insulated" from the bed- 
plate on uhich it re.ts. The coils are joined in series, 
the binding-posts adjacent to anv radial line of division 
betu-een the two coils constituting fixed terminals for the 
mam line. There is no commutator; there are no*col- 
lecting brushc. tn take the alternating current from rota- 
ting j>arts. 

The low resistance of the armature coils is evident 
It wonhl >crm impossible for one of them to burn out • 
none ever h.,s burned out. But if one should, it may bj 
removed and a new one rcadilv put in its place in three 
nnnutcs. or the injured ( oil may be shunted out of the 
circuit and the dy,.an,o ke]>t ru.ming with the other five 
untd the tunc- for shnltin;.. down. TIk- cr.il section com- 
l>lete weighs only aliout 20 pounds. 

In action, the 2^-beld magnets of the aliernator are 
exc.tcd bv the direct current fr(,m :ni ,,.inch Brush 
dynamo of the well-known form. This excitin.. current 
)s came<l to the brushes that rest n,.on the two im-cut in^ 
sulatn.g rings, and thence .h,<>n;;h the hollow shaft ta 
themagnetv N ,l,eostat wo.kcd 1. b.nd 
cally ,s placed in the ^htn.t-, ircui, around the field mao- 
nct. of the exciter, so that perfect regulation is secured 
without readjustn^ent of the brush, s or any necessity of 
handhng the high-tension alternating current 

The Urush-Pf.nnkuche - coreless " alternator rs built 
at present for ar, E. M. F. of 2,rxx) volts 
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Tie Westinglionse Alternating Current Dynamo 

for generating the alternating current is represented by 
the accompanying illnstration. It is apparent at a glance 
that it is verv different in its principles and construction 
from the ordinary machine. In its mechanical and elec- 
trical details, it represents a simplicity far greater than is 
possible with any dvnamo for generating a direct cmrent. 
The field is composed of a series of radial pole pieces 

nf wlilch are cast 




The Westinghouse Alternating Current Dynamo. 

solid with the base and cap respectively. The field coils 
are a series of bobbins each independent of all the others 
which are wound on shells, slipped over the pole pieces 
and held up by bolts at the periphery. These bobbins 
being supplied with a feeble current from the exciter are 
of course subject to no natural deterioration and are not 
liable to accident. They can only be damaged by 
extraneous carelessness, and, when such is the case, the 
cap of the dynamo is remo%4ed and any bobbin taken 
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out and replaced in a few moments. The armature is 
removed ni the same manner, as the whole structure of 
the dynnmo, including the pole pieces and the bearings 
parts along a horizontal plane through the shaft 
. The engraving shows the side of the dynamo which 
carries the collecting ring; the other side has a similar 
bearing, beyond which is an over-hung pulley This. 
pulley ,s of compressed straw-board, which in experience 

;s found to exceed all other material for belt traction- 
fhe dynamo rests upon a cast iron base and is adjustable 

by means of a belt tightener. The dynamo can run i„ 

either dnection and stand either way around on ,he base. 

lh,s of course adapts it universally to any situation. 

-rr,pl c,ty. The body of the armature is of laminated 
.ron p ..tes freely perforated for ventilating purposes A 

th?shSr i" " a direction parallel to 

he shaft, being retamed by stops on the ends of the 

v.ded and the whole is wrapped with binding wire I 

diaws a strong current of air through it 

The observer will be struck by the simplicity of the 
wmding on an alternating current armature as cLpa ed 

o al weight of copper on a 750-light armature is 16 lbs 

readily kept cool, and which can be insDecf,>d . 
.enoration or flaws of any character. A Te" urrS 
armature of type most generally in use of .L v u 
capacity on the other h^lr} ■ ''Sht* 
this amount J '"'^' ^ - time. 
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The anna tines arc uniformly wound to deliver i ooo 
volts, and a hi-her voltao^e than this, for special circuits, 
is obtaijied by raising; through a special converter. 

The Thomsou-Houston Alternating Current Dy- 
namo (^liow 11 ill the engraving' on [^receding page) , con- 
sists of a heavy casting which supports the radial pole- 
pieces of the machine. It may be easily taken apart for 
examination, and is provided with spherical boxes, which 
allow a perfect allignmcnt of the bearings. 

On each ])ole-piece is slipped a coil of wire wound 
upon a bobbin. A laminated armature is used with a 
hollow core, and, being supplied with a fan, a constant 
stream of air is farced through, thereby preventing the 
excessive heating common to the "alternating" type of 
dynamos. The winding on the armature is made up of 
fl^n coils wound upon a form and then placed upon the 
face ol the armature core; there are as many coils as 
the machine has poles; thev are all connected tocrether 
.'ind tightly held in place by bands of German ''silver 
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'i^Iie machine has a composite winding— that is, both 
separate and self-exciting Helds. 

The separate-exciting part is supplied bv a direct current 
from a small motoi4vpe dynamo, driven bv a belt from 
^' P'lllev at the commutator end of the armature-shaft 

I I.e mam current, before going to the line, passes to a 
omnnut.tor so connected that the current passing 
tln.M.gh the series wmding i. a <hrvct current, uhile that 
m llie outside circuit is alternating. 

This machine may, by this nu^ns, be compounded for 
any ])ei-cent. Joss in the lines. 

lt is,on t]nsoccount, very valuable for central statioa 
work and long-distance liicaiulcscent lighting. 



ELECTRIC LAMPS 



The Voltlio ArO. — two pointed pieces of carbon 
are joined by wires to the tertninals of a p^>werful voltaic 
battery or other generator of electric current^*, atul urti 
brou^lit into contact for a moment and then drawn a[>art 
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Before contact, the difference in potential between the 
points is insufficient for the current to leap across the air- 
space, therefore the carbons must be made to touch one 
another before the current can be established. 

On separating the carbons the momentary extra 
current due to self-induction of the circuit, which 
possesses a high electromotive force, can leap the short 
distance, and in doing so volatilises a small quantity of 
carbon between the points. Carbon vapor being 
partial conductor, allows the current to continue to flow 
across the gap, provided it is not too wide; but as the 
carbon vapor has a very high resistance it becomes in- 
tensely heated by the passage of the current, and the 
carbon points also grow Jiot. Since, however, solid 
matter is a better radiator than gaseous matter, the car- 
bon points emit far more light than the arc itself, though 
they are not so hot. 

'J he upper or positive carbon is consumed about twice 
as rapidly as the lower or negative carbon ; the low^er one 
becon.in;, pointed, while in the upper a crater is formed. 
With the alternating ( urrent both carbons are consumed 
at the >ame rate, and both retain the pointed form, which 
permits a free radiation of the light in every direction. 

Tl.cciuaniityof light emitted by an electric lamp is 
dispropctionnte to ,I:c slurgth of the current; and is 
wulnn certair. limits, proportional to the square of the' 
heat developed, or to the fourth power of the strength of 
the curreni. 



4 



HAND-BOOK OF ELECTUICITY. 



The Arc Lamp n<^w in general 
use consists simply of two hard car- 
bon rods and a mechanical contri- 
vance to feed them — that is, push 
them forward as fast as needed. 

It is requisite that the mechanism 
should start the arc by causing the 
pencils to touch and then separate 
them to the requisite distance for the 
production of a steady arc ; the 
mechanism should also cause the 
carbons not only to be fed into the 
arc as fast as they consume, but also 
to approach or recede automatically 
in case the arc becomes too long or 
too short; it should further bring 
the carbons together for an instant to 
start the arc again if by any chance 

the arc goes out. 

There are a great many forms of 
arc lamps, but the one in general 
use bv a number of the large com- 
panies is the clutch lamp. This is a 
simple device, and is that of employ- 
ing a clutch to pick up the upper 
carbon holder, the lower carbon re- 
maining fixed. In this kind of lamp 
the clutch is worked by an electro- 
magnet, through which the current 
passes. If the lamp goes out the 
mao-net releases the clutch, and the 
upper carbon falls by its owm weight and touches the lower 
carbon. Instantly the current starts round the electro- 
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magnet, causing it to act on the clutch which grips the 
carbon-holder and raises it to the requisite distance. 
Should tlie arc orrow too long the lessening attraction on 
the clutch permits the carbon-holder to advance a little. 

The lamp in the illustration is one of the Brush Electric 
Co. 's make, and is a double-carbon lamp. When one 
carbon has burned out, the current is shifted automati- 
cally to the other, thus making the life of the lamp twice 



as long. 



Incandescent Lamp.— The incandescent lamp con- 
sists of a -lass globe or bulb, from which the air has 
been exhai:<tcd, containinga carbonized fibre of bamboo. 





Ttie Brush Lamp. 



TtiomsGn-Houstcn lamp. 
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This carbonized fibre is attached to two platinum wires 
fused in the glass, the free ends of the wires being con- 
nected to the copper sockets of the lamp, which are in- 
sulated from each other by plaster of Paris. The wires 
are then connected to the external circuit A i6-candle 
power lamp, with an E. M. F. of no volts, has a resist- 
ance of about 190 ohms. A lamp will only last a certain 
number of hours in proportion to the intensity of the cur- 
rent sent through it ; therefore it must be renewed as 
often as it burns out. The average life of a lamp is a 
little over one thousand hours. The two incandescent 
lamps shown in the illustration are the ordinary forms 
used in the Brush and Thomson-Houston system. Ordin- 
ary lamps are about i6 candle power, although they 
are made from 1-2 to 150 candle power. 



ELECTRIC MOTORS. 



Probably the first electric motor," in the true sense 
of the word, was Barlow's Wheel." About 1826 
Barlow discovered that by passing* an electric current 
from tlie centre to the circumferen :e of a copper disc, 
placed between the poles of a magnet, the disc would 
revolve. The current was sent perpendicularly through 
the disc, from its axis to circumference, when it passed 
into a cup of mercury. From 1S26 to 1S32 several 
motors were invented. — one by Abbe Salvatoie dal 
Negro, professor of natural philosophv at the University 
of Padua. Botto is said to have invented a motor about 
1S33. In 1S3S Professor Jacobi exhibited his improved 
motor at St. Petersburg, on the Neva, which propelled a 
boat 28 feet long. 7 feet wide and 2 feet 9 inches draught, 
carrying fourteen passengers ; it required a batterv of 
320 I)aiinells cells to generate the electric current. In 
1S39 this experiment was repeated with 138 Grove cells ; 
the highest t^peed attained was about three miles an 
hour. M. Froment and Count du Moncel were amono" 
the early inventors. In 1S37 Thomas Davenport, a 
blacksmith of Brandon. Vt., patented the first electric 
motor ever invented in this countrv. Other motors were 
invented by Professor Page of Washington and Professor 
A'ergnes of New York. 

Any dynamo electiic machine can be run as a motor 
by sending an electric cnrrcnt through it and reversing 
its motion. Messrs. Siemens claimed to have discovered 
the principle of the reversability of the dynamo about 
1S67, but it was not heard of in practical application until 
'S73. This was at the Vienna Universal Exposition, and 
was dcnK>nstrated by M. M. Ilippolite, Fontaine and 
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Eregnet. In this case a Grzrs nw niachine, used as a 
motor to work a pump, was run by the current pro- 
duced bv a similar machine connected bv more than a 
mile of cable and put in motion by a gas engine. This 
is claimed to be the first instance of electrical trans- 
mission of mechanical ener^^y to a distance. Having 
thus briefly reviewed the discovery and early invention 
of electric motors and the transmission of power by 
electricity, we will proceed to the description of the 
different so-called systems of the present day. 

The Eddy lYIotori — This motor is designecl on the 
general principles of construction of the Mather type. 
In this latter form, it will be rL'mend)ered that the field 
is a ring ; conse(|neritly the held coils cannot be wound 
in a lathe, and the length and numerous turns of fine 
wire, retjuired for a shunt machine, make the winding 
by hand tedious and difficult. It is common to wind a 
considerable number of wires in multiple, then connect 
them finally in st ries to^'i\ e tlie requisite resistance; 
for high p(jtenlials I his pi.ictice is not reliable. 

The Kddy Co., while preserving the general excellent 
ring form of field b\' u^e of targe round corners, have 
made the coils strai;'ht. Thev can easilv be wound 
in a lathe, usin^ but oric \virL% atul insiratin^ hclween 
the layers. Wires having lar^e clifferenrcs of poten- 
tial between them do not cross each other. I hev can 
safely be wound for alt commercial voltages, and attam 
at reduced cost, the same high efficiency of the Mather 
type. The amount of current in the field-magnet coils 
is therefore verv small. The magnets do n<it get warm. 
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The watts consumed in charging the magnets of a mo- 
tor bear no relation to the work done by the armature^ 
and as far as the elficiency of the motor is concerned 
may be saiil to be wasted. It is therefore extremely 
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important to reduce this ma^^netizing current t 
imum m order t<. produce an efficient motor At the 
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Description of the New Jenney Motor. — The ac- 
companying cut illustrates the new motor and dynamo 

designed and perfected by Chas. D. Jenney, the 
well known inventor of the Jenney systems of electric 
lighting. This machine is widely different from those in 
general use. The armature, field magnet, and the shape 
of the pole pieces, are the characteristic features of this 
machine. 

It has been the aim of the inventor to produce a 
magnetic field of enormous strength, which will at the 
same time be economical to maintain. By studying the 
direction of the magnetic lines of force about a straight 
bar magnet, the inventor was led to design the form of 
magnet shown. The natural direction and curvature of 
the lines of force, as they pass through the air from one 
pole to the other in a bar magnet, are well known. In 
this machine the pole pieces were made to correspond to 
the natural curvature of the lines of force, thereby 
reducing the length of the magnetic circuit and its resis- 
tance, to minimum. 

The magnet core is made of the softest of wrought 
iron, and is turned back from each end the same 
diameter to which the pole pieces are bored. On the 
ends of the pole pieces nearest the observer, perpen- 
dicular slots extend out from the core, and by means of 
bolts they are firmly clamped to the core, thus securing 
a most perfect magnetic union between the respective 
parts. 

The armature, although of the drum type, is quite 
different from anything heretofore made. The core is 
built up of thin iron discs, all of which are securely 
fastened to the shaft. No wires are wound over the ends 
of the core, but special heads are provided which 
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complete the connections at the ends. These heads are 
so constructed and insulated that short-circuiting betw^een 
their parts is almost impossible. 

One special feature claimed for this armature is, that 
any wire can be removed without interfering with any of 
the remaining ones. There is but one layer of wire on 
the armature, and but one turn to each section ; he re- 
sistance, therefore, is very low. In addition to the insul- 
ation on tlie wire, an air-space is provided between the 
convolutions, atfording thorough ventilation. On account 
of tiie great strength of field, but very little wire is re- 
quired to produce the desired electro-motive force whe^i 
used as a dynamo, and counter-electro-motive force whex 
run as a motor. 

As the length of the wire on the armature is reduced, 
and the strength of the field increased, the current that 
circulates through the armature coils has but little demag- 
netizing effect, and the variation in the "lead" of the 
brushes, from nothing to full load, is slight. It may als 
be added that these machines run without sparking. 

At the ends of the armature, insulating discs are pro- 
vided that prevent dirt or copper dust from getting intm 
it, and as they are larger in diameter than any other part, 
they serve as guides to prevent injury to the bands and 
wire on the armature, when it is being taken out, or put 
in place. 

The machine illustrated has an electrical efficiency of 
97 per cent., intended for constant potential work,' but 
the same type of machine is also built for arc circuits 

and a simple regulator is provided to maintain constant 
speed. 



HAJrn-BOOK OF KI.Kf THICITY. 5T 



For constant potential \vork. these machines are simply 
shunt-wound—the self-regulation being so close that com- 
pound-winding is not required. 

They are manufactured from 1-2 to 50 horse-power. 

The Ford &, Washburn Electric Motor of Cleveland, is 

shown in the illustration. The special improvement, which 
they claim, puts their motor far in advance of many others 




ana places the use of electricity for lighting within the 
reach of the smallest plants, is its self-ventilating feature; 
but the motor itself possesses many points of superiority. 

The bed plates and brackets are one complete casting. 
The magnet yokes are wrought iron fastened to the bed 
plate, and the pole pieces are separate castings bolted to 
magnet yokes. The field cores are wound on separate 
shells, and are interchangeable for all machines of same 
size. The armature shaft is steel and of extra large >ize. 
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The especial feature of their motor, as above stated, is 
the armature, which is self-ventilating. It draws a cur- 
rent of air from both ends and along the Hne of shaft and 
out through the discs, which are separated, and through 
the winding, with openings to let the air pass out. The 
rapid rotary motion of the armature sends out the current 
of air, which keeps the armature and pole pieces cool and 
therefore more effective than the old style which is so 
liable to heat up. This self-ventilating feature it is 
claimed, is found in no other motor at present manufac- 
tured. It is adapted to both motors and dynamos. 

The Excelsior Motor.— The engraving illustrates the 
arc light circuit or constant current motor of the Excelsior 
Electric Co. This motor has its armature and field-mag- 
net coils connected in series. As it is supplied with cur- 
rent by a generator whose electro-motive force is varied 
by an automatic regulator to suit the demands of the 
motors on its circuit, it would run at a constantly increas- 
ing speed, when lightly loaded, were it not regulated and 
the speed kept uniform by a governing device. This 
consists of a centrifugal governor which controls the 
strength (jf the field-magnets by cutting out the successive 
layers of wire in the coils as the load decreases, and cut- 
ting them in when it increases. 

The two main bearings of the motor-shaft and the ball 
and socket bearings of the governor are provided with 
oil chambers, from which the oil is led to the wear- 
ing surfaces by means of felt strips. (See motor, page 53.) 
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The OoDstant Current Baxter Motor —There is no 

ditlbrence in design between the Constant Current and 
Constant Potential Motors, but the method of regulation 
differs in each. The Constant Potential machine is 
wound so as to run at a constant speed ; but as the same 
principal cannot be applied with a Constant Current, with- 
out too great a ^oss in efficiency, a mechanical governing 
arrangement is used in the latter type. The governor 
proper is carried on the outer end of the shaft, and is 
located within the shield shown in front of the motor ; 
the device, by which the action of the governor is made 
to regulate the speed, is located on top of the pole-plate. 
The principal of regulation consists in changing the 
magnetic intensity of the field by a variation of the 
ampere turns in the magnetic-coils. 

There are two layers of wire on tne armature, the 
number of turns being 320 ; as this sets up a counter 
E. M. F. of about 750 volts, it is at the rate of 2.28 volts 
per turn. The weight of wire on the armature is about 
12 lbs.; weight of iron about 75 lbs.; weight of wire 
on field about 160 lbs. ; iron in held, 1,100 lbs. These 
fio-ures show that a very small amount of wire is used, 
but that otherwise the machines are very massive. On 
♦his account, the re-a(.tion of armature on the field is 
practically nothing, and therefore the brushes require no 
lead ; hence the load may be varied at will without 
causing sparking, as tlie diameter of commutation re- 
mains unchanged. 

The 0. & 0. Motor— The adjoining cut represents a 
5 horse-power C. & C. motor for incandescent circuits, 
and is the standard type of machine made by this com- 
pany, in all sizes above i horse-power. The motors of i 
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BAXTER ELECTRIC MOTOR. 
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horse-power and under differ slightly, though not essen- 
tially, from the form here delineated. The merit of these 
motors lies in their high efficiency, interchangeability of 
parts, self-lining bearings and in their general strength 
and durability. The lower pole-piece of the machine is 
cast in one piece with the bed, the upper one being a 
separate block. To these are bolted the field-magnet 
cores. The cores are of forged wrought-iron shaped like 
segments of a circle. This form of magnet-construction 
gives the shortest possible magnetic circuit, thereby re- 
ducing the quantity of iron used and the power required 
to excite the magnets. For this reason, it is a very com- 
pact machine, requiring the least space for the same power 
of any made. An improved Siemens' winding is used, 
and the armature and commutator are divided into more 
than the usual number of sections, thereby diminishing 
the danger of short circuits in the commutator. The 
bearings are self-aligning, so that they cannot bind, allow- 
ing the armature to be taken out and replaced without 
trouble. The bearing parts are of hard cast bronze ; an 
improved adjustable feed oil-cup is used. The brush- 
holders are supported on brass rods attached to a rocker- 
arm, which may be tightened or loosened at will. The 
pressure of the brushes may be adjusted by the slightest 
movement of a single nut. The machine shown in the 
cut makes 1,650 revolutions per minute and regulates 
within 3 per cent, for all load variations. The arc 
machines made by this company are in form very similar 
to the incandescent, the main feature of difference appar- 
ent being the regulating device, by means of which the 
arc machine has been brought to practically the same 
accuracy of regulation as the incandescent motor. 
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The Thomson-Houston Stationary Motor. — The 

general design of the Thomson-Houston motor is such 
as to render it compact, convenient in manipulation and 
neat and attractive in appearance, while at the same time 
the electrical proportioning is such as to secure the 
highest efficiency in conversion of electrical into mechani- 
cal energy. The 15 horse-power motor shows an aver- 
age commercial efficiency when fully loaded of 91 per 
cent. This high efficiency is obtained by paying careful 
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attention to the electric and magnetic proportioning of 
the motor. The magnetic circuit is very short and of 
ample section, and therefore of low resistance, and the 
magnetic poles are so formed as to convey the magnet- 
ism into the armature with the least possible loss. As 
will be noted in the engraving, the poles of the tield- 
mao-nets, the bodies or cores of which are round in 
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section, project upward enclosing the armature. The 
armature is nearly square in longitudinal section and 
rehitively large in diameter. This gives a high peripheral 
velocity and a rapid cutting of the lines of force. In 
consequence of this construction, also, the armature is 
capable of exerting a powerful rotative force or torque, 
such as is demanded in tram-cars, etc. The armature 
being short, avoids the use of a long and consequently 
less rigid shaft. The coils of the motor- magnets are 
wound on bobbins which are slipped over the core ; it is 
therefore easy to change a coil or to replace it for any 
purpose whatever. The fields are wound in shunt to 
the armature, and are relatively of very high resistance. 
TJiJS reduces the amount of electrical energy required to 
energize the field-magnets to a very small fraction of the 
total electrical energy absorbed by the motor. The arm- 
ature core is thoroughly well built in the best manner 
known fo the art and is a very solid and substantia] 
structure. At the same time the perfect lamination of 
the core reduces the loss by FoucauJt currents to the 
smallest possible amount. 

The winding on the armature, which is a modification 
of the well-known Siemens' type, is of very low resist- 
ance. This low resistance, combined with the careful 
construction of the armature-core, renders it possible to 
greatly overload the armature without any heating effects 
being noticed. In fact, when running at normal load, 
the motor-armature runs practically cold. 

The copper wire on the armature is held in place by 
means of bands which are made of such strength that it 
>s impossible for them to yield from the centrifugal force 
^ven when the motors are run at abonrmal speed 
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The Thomson-Houston W. P. Railway Motor.— 

*One of the most interesting exhibits at the Pittsburg 
Street Railway Convention was a new slow-speed rail- 
way motor of the Thomson-Houston company, of 
which the accompanying illustration gives an excellent 
idea. It had been in process of evolution for six months 
or more and has been worked up under the careful su- 
perintendence of Mr. Walter Knight. The new ma- 
chine embodies some decidedly novel features and its 
excellent performance on the special car equipped with 
it was very favorably commented upon. It is known 
to the trade as the W. P. motor, which being inter- 
preted means water-proof, and it well deserves the 
name, because of the particularly complete iron-clad 
character of the field magnets. 

This motor is a two-pole machine so arranged 
on the theory that the comparatively slight gain 
in weight efficiency that could be obtained with a mul- 
tipolar type is more than offset by the increased com- 
plication of the windings. The only portions of the 
machine open to the outside air are exposed at the two 
oval openings at the ends of the armature shaft, and 
even these can be easily fitted with covers should such 
a course prove desirable. The whole magnetic circuit 
is composed of two castings bolted together and free 
to swing apart by a hinge allowing ready access to the 
armature. 

The accompanying cut gives an excellent idea of the 
internal arrangements. The armature itself is very 
nearly twenty inches in diameter, a very powerful 
Paclnotti-ring nearly six inches on the face and of 
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the same depth. It is wound with comparatively 
is^ wire in sixty-four sections, with fourteen turns 
(o the section. 1 ach coil is lighily placed in the space 
' 'inf; tt t'ih. and about the in- 

cji.j i.iU" roils are closely pat ked, 

^- i, the armature takes, up most of the 

lull t»l tli<* m.ichinr, the pole pieces being but 
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sions of the machine. The use of a single magnetiz- 
ing coil produces naturally an unbalanced field and a 
strong upward pull on the armature tending to relieve 
the pressure on the hearings. The iron-clad form, 
however, lends to distribute the line^sof force so as to 
avoid the sparking and change of lead that might 
otherwise have to be feared, l^he single coll is wound 
with quite coarse wire and its position insures the max- 
imum magnetic effec't from tht* current. 

The speed of tlu* new motor is a[)out the same as 
that of the older S. R. (). form, and its general work- 
ing efficiency is somewhat better , owing not so much 
to a greater maximum of eftif ienc) as to a better work- 
'}n<i curve — at i)oth Ihm\ y ^nid li'^ht loads. The brush 
liolders are shown in thtt ( ut, aiul the slots in which 
they fit render their po^iti(>n e v ident . The I) rushes 
are of the ordinary carbr^n desr riplion and are l eadily 
accessible tlir(ju'di tiic oo Muirj; at the end of the shaft. 



ELECTRIC RAILWAYS. 



The first electric railway was constructed and exhibited 
by Dr. Siemens, at Berlin, in 1879. 

The first electric railway in the United States was con- 
structed and put in operation by Thomas A. Edison, at 
Menlo Park, N. J., in 1880. 

There are a number of systems in operation at the 
present time, such as the Daft, Van Depoele, Julien, 
Bentley-Knight, Sprague, Thomson-Houston and Edco, 
— all of them make claims of superiority, and I have no 
doubt but that they all have ^ood points. The most suc- 
cessful systems seem to be the overhead system and the 
storage-battery system. 

The overhead system, as used in the Sprague, Thom- 
son-Houston, Van Depoele, etc., consist of attaching 
electric motors to street-railway cars, and of operating- 
electrically equipped cars by means of conducts sus- 
pended over the track. 

The electric circuit in the general systems, as in the 
Sprague Railway system, consists of two parts — the over- 
head and the ground circuits, each being of compound 
character. 

In distributing the current, the rails are grounded and 
form one side of the circuit. If they have a good elec- 
trical connection from one to the other through fish-plates 
already in position, they form a path of very low resist- 
ance. Where such connections are poor, the rails are 
reinforced by a continuous conductor running the entire 
length of the line. The other part of the circuit consists 



f 



HAND-BOOK OF ELECTRICITY. 69 



partly of a hard-drawn silicon bronze contact-wire of 
small size, but great tensile strength, which is suspended 
17 to 18 feet above the track. 

This contact-wire is termed the working-conductor, 
and is carried over the centre of the track, at the height 
named, on insulators supported by span-wires running 
across from pole to pole and provided with additional 
insulators at their ends, or else by brackets which extend 
from poles placed on the side or centre of the street. 

The size of this wire is independent of the number of 
cars operated, or the distance over which the line 
extends. 

The curves are formed of a series of short chords, 
which approximate the central line of curvature. 

The whole structure is very light-looking, and it seems 
wonderful that it can be made the medium for the trans- 
mission of sufficient electrical power to propel any num- 
ber of cars over an}' length of track. 

The main current, how'ever, is not carried by this small 
wire, but is carried by a main wire running parallel to 
the working-conductor and connected to it at intervals of 
every few hundred feet. This main conductor which 
can be carried upon poles at the side of the street in the 
same manner as telegraph wires, or else buried in a sub- 
way, underground, is itself supplied at diflercnt points by 
feeders, which come from the main supply at the central 
station. Without the use of these feeders, which also 
can be reinforced if necessary, the size and cost of the 
overhead conductors would be very largely increased. 

By means of these feeders, and by use of automatic 
cut-outs for dividing the line into sections, which are 
placed at the junctions of the feeders and main conductor, 
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all danger of an accident on any portion of the line dis- 
abling the operation of the remainder of the road, is 
avoided. This is a matter of great importance, and its 
value cannot he too highly estimated. 

Bv means of this system, also, as the greater portion of 
the current is carried upon the main conductor and only 
a small portion on the working-conductor over the middle 
of the street* there is no change in the size of the work- 
in<^-conducior, and consequently no stoppage of travel 
requirech w ith an increase in number of cars run or an 
extension ot the hne* 

The current is taken from this working-conductor by a 
small structure on top of the car. This consists of a light 
trolley-pole supported upon a stout spring, so that it can 
rnn\ e in e\ er\^ dii ection. and having at its upper end a 
irrooved wheeL making: a running: flexible contact on the 
under .^ide (A the working-conductor. The flexibility of 
tliis arraiv^^enient is ver\ great, it l)eing able to follow 
\N itli laeilitv \ ariati()ns of the trullev-\\'ire four or five feet 
In either a lu>i i/onial direction, or more tlian twelve feet 
in a vei'tic;il direction. Bv this means a constant con- 
tact is luadc hy the trollcy-wheel at different rates of speed 
or arcnnid < iii v c^. ;ind for dtllerLMn liciudith of tlie trolley- 
w i rc . 

it is impossihlr (workiiiL: iiinlci iK'atli ) to pull the 
trolley-wire down ; and if of!" the lint', the trolley can he 
replaced (piickly and casil\ . even ni the darkest night. 

15} ihe use of tliis undenu-alh contact, not only are 
lliere no conijjhcated switches on the overhead conductors, 
hut all chan;^inL^ of coiUa( t is av oided vvhe?i jjassing- the 
turnouts. 

In <jrdcr to secure the necessary track adhesion by 
means <jt iiide])enderu driving, and to permit the entire 
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weight of the car and its contents to be available for 
traction, two motors are used on each car (see illustration 
ofSprague railway truck) , one for each axle, with indepen- 
dent driving. At the same time both motors are capable 
of perfectly simultaneous control by a switch placed at 
either end of the car — this switch controlling both the 
speed and the direction of movement of the motors. 
These motors are of 7 1-2 or 15 H. P. normal capacity 
each, making an aggregate of 15 or 30 H. P. on each car. 

Both motors are simultaneously governed by a single 
switch from either platform which throws the winding of 
the motor-field into different electrical combinations, thus 
altering the current, maintaining practically a constant 
field and thereby var3 ing the power and speed of the 
motor, without the use of any wasteful resistance. By 
this method there is no loss of power, and the control 
over the car is perfect. 

Each car and the main station are fully protected from 
any possible damage from lightning by lightning-arresters, 
which are perfectly automatic in their action, and which 
remove all possibility of danger of accident to the cars 
or generating apparatus from this cause. 

The Scranton Power Station. — The accompanying 

engraving gives a very good \ ievv of the interior of the 
electric power station of the Scranton Peoples' Electric 
Railway. The steam plant includes two 125 H. P. Arm- 
ington & Sims' engines, and the electrical plant includes 
three 40,000 watt dynamos. 

The interior of the station is finely fitted up. The floor 
and ceiling are hard wood, and handsomely finished. 
All connections to the dynamos are of burnished copper 
rods. All steam-piping is covered with magnesia sec- 
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tional covering. All the instruments, gauges, etc., are 
mounted on polished slates of mahogany ; in short, this is 
a model electric-power station in every way. 

The road, wliich operates 20 Sprague electric cars, ex- 
tends over a number of very steep and severe grades, 
and is one which requires great variations of power. In 
spite of the amount of power required, it is said of this 
station that it costs less to provide fuel to run the engines 
and o-enerate the electric current than it would cost to 

keep one horse. 

The reason of this is that tlie station is right near a 
])ile of culm or coal screenings, so that fuel can be pur- 
chased at a verv low rate. This is one place where the 
use of electricity for driving street cars is especially ad- 
vantageous, and with the many cities in coal regions 
and near unused water powers, the use of electricity 
would be found cxtrcmelv advantageous. 

The Topeka Rapid Transit Eaiiway— (the longest 

electric railwav in the world. ) While it is a fact that the 
West End Street Railwav Company of Boston (com- 
bining its two systems) is operating more miles of elec- 
tric raih\a\- tlian an\' company In the world, the electric 
railway at Topeka is the longest line \v hich lias yet been 
built usin<r one svstem, and leceis ini: its current from one 
ccniral station. The rouds w hich have heretofore been 
built 1)\ the Thonison-IIoustoii company in the West, 
ha\'e l)een constructed in the best p()Ssil)le manner, and 
are suceessful in evei N' particular, but the road in question 
is by far \.hc longest, and no pains ha\ e l)een spared to 
make il a model road in every res]7ect. Its operation 
since its starting^ — the first (jf .Vpril — has ])roved this to 
be a fact. The construction work was begun about Jan. 
K and finished about the first of April. When it is called 
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to mind that this road is 14 miles in length and has a total 
leneth of track of 20 miles, and that the utmost care was 
exercised in its construction, even to the smallest details, 
it will be seen that good time was made. 

In building the line the overhead method of construc- 
tion has been employed, the rails serving for the return 
current. 

The cars, twelve in number, are each equipped with 
two 10 horse-power motors. 

Since the road has been in operation it has been visited 
by many prominent railway men, and it lias been the 
generally expressed opinion that the road in construction 
and operation is a model electric railway, and reflects the 
utmost credit upon the Thomson-Houston Electric 
Compan}'. 

The Sprague Electric Eailway at Wilkesbarre, 

Penili — The accompanying engraving is from a photo- 
graph giving a view of two Sprague electric cars on the 
Wilkesbarre and Suburban Railway, at Wilkesb?.rre, 
Penn. This road has been running for about nine 
months on the Sprague electric systein. 

The view gives a very good idea of the Sprague method 
of ()\ei head wiring for a Y, and shows the lightness and 
imobtrusiveness of the Sprague overhead system. In 
this system, the entiie current to operate t!ie cars on the 
line is not carried over the centre of the street, but partly 
at the centre and partly at the side, thus enabling the 
wires over the centre of the street to be of the lightest 
desci iption possible. ' 

The Thomson-Houston Electric Railroad at Lynn, 

MaSSi — Starting in one of the busiest portions of Lynn, 
the road passes out through Union street on an easy 
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ascent, and a sharp cuiVe brings it to Ireson street, where 
it encounters an increased grade, combined with a'reverse 
curve, on Essex street. The road then goes through 
Rockawnv street, where there occurs one of the steepest 
grades on the road. (See engraving) . From here the 
road lies through HolHngsvvorth and Herbert streets, 
Avith sharp curves and sUght grades. Passing into High 
Rock street, a grade of nearly twelve per cent, is met, on 
which occurs one of the sharpest curves on the entire 
hne. From Ro^'ers avenue throus^h Essex and Market 
streets the road is comparatively level to the starting 
point. 

The line is at present operated as a belt line, and 
although the direction of the cars is down the steep 
grade, it can be easily surmounted in the other direction, 
as has been shown on several occasions when the trolley 
has been reversed at the bottom of High Rock-street hill, 
which the car ascended with perfect ease. 

The Sprague Electric Railway at Richmond, Va.— 

The method of jumping fire hose on the track is very 
simple, and the view showing it was taken from a photo- 
graph. A small metallic bridge is laid on the track over 
the hose, and tlie car runs over this without interfering 
with the operation of the fire department. Of course 
such a simple device as this would be impossible upon a 
cable road or an electrical road using a conduit. The 
bridge, when not in use, is carried under the seats of the 
cars. 

The EdcO Oar, illustrated on page 82, is manufac- 
tured by the Electro-Dynamic Co. of Philadelphia. 

The car motors are known as the "Edco," and as now 
made are rated at 10 horse-power each, but are capable, 
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for brief periods of time, of exerting considerably greater 
power. 

The electric current is furnished by accumulators or 
storage batteries furnished by the Electrical Accumulator 
Co. of New York. These cells are stored when in use 
under the seats of the car. 

The batteries, when fully charged, are capable of pro- 
pelling an ordinary car loaded with 50 passengers, over a 
level road, at the rate of 9 or 10 miles an hour, for about 
6 hours, allowing for the average car stops and lay-offs at 
the terminals. The car would, therefore, require one 
change of batteries for a day's run of 12 hours. The 
weio-ht of a 16-foot car, equipped with two motors, is 
about 3 1-2 tons, without passengers. The batteries sup- 
ply electric light for inside lamps and head-lights, and 
power for signal bells and alarm gongs. 

An accumulator car can ascend steeper grades, and go 
at a faster rate of speed, either on grades or on a level 
road, than is possible with horses, but always, of course, 
with a correspondingly greater expenditure of energy. 
In case of a single excessive grade on an otherwise level 
road, it may be advisable, on the score of economy, not 
to provide power for each car sufficient for surmount- 
ing such grade, but to use an auxiliary motor car, or 
tow-horse, as is now customary. Accumulators, like 
horses, are, for brief periods of time, capable of doing many 
times their safe or normal amount of work ; but also 
like horses, any excessive amount of work which they 
are called upon to do, can only be done at the cost of 
shortening their life. 
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ELECTRIC WELDING, 



The machine shown in 



Electric Welding Machine .- 

the encrravin^ is for welding; 3-inch extra heavy iron and 
steel pipe. 

The process of Electric Welding and Working of 
Metals, as invented by Professor Elihu Thomson, has 
already been so far developed as to produce the most 
satisfactory results. Welding machines capable of uniting 
various sections of metals have been placed upon the 
market, giving manufacturers ample proof of their effi- 
ciency and economy, and already becoming a part of the 
necessary machinery required in the various industries 
with which they are associated. 

The principle involved m this new art is that of causing 
currents of electricity to pass through the abutting ends 
of the pieces of metal which are to be welded, thereby 
generating heat at the point of contact, which also be- 
comes the point of greatest resistance, while at the same 
time mechanical pressure is applied to force the parts 
together. As the current heats the metal at the junction 
to the welding temperature, the pressure follows up the 
softening surface until a complete union or weld iS 
effected, and as the heat is first developed in the uitenor 
of the parts to be welded, the interior of the joint is as 
efficientlv united as the visible exterior. With such a 
method and apparatus, it is found possible to accomplish 
not only the common kinds of welding of iron and steel, 
but also of metals which have heretofore resisted attempts 
at welding, and have had to be brazed or soldered. 
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Pieces of such metals and alloys as wrought iron, silver, 
copper, brass, lead, tin, zinc, bronze, German silv^er, 
platinum, gold, aluminium and even cast iron, are not only 
welded to each other, but different metals can be welded 
one to another in many combinations, extending the ap- 
plications of the process to the attainment of results here- 
tofore impossible in metal-working; while the tensile 
strength of the welds, as shown by mechanical tests 
under the direction of the U. S. Ordnance Department, 
are all that can be desired. Solid iron or steel bars three 
inches thick are welded perfectly. The time consumed 
in makinir the weld of this size is from lOO to 120 
seconds. 

The machines built by the Thomson Electric Welding 
CoTDpaiiv are generators of electricity, so constructed 
as to produce in the most economical manner the low^ 
pressure currents essential for welding; and for similar 
work. Thc\' are of sizes and types suited to the kind 
and section of the metal to be worked. 

The (K'nanios are built to take power from any source, 
and the welding machines connected l>v^ wires to operate 
wherever it mav he con\'enient to locate them, 

1 he icsultot an exatninatioii made l)v Prof A. E, 
Dolhear. of Tufts University, was prcseiited in the form 
()! an c\hausti\e re})ort trom which the following extract 
is ni;ulL- : This method is scientiflcall v jierfect^ as the 
meehanisMi to uiili/v it is so simple that there appeais no 
likehhood ot an\ ;:hange being made that shall rnuf ii in- 
crease Its < theiencx . The lieal developed in the welding 
circuit is propoitional to the stpiare of the current strength, 
not pi ' ipoi tioiia 1 to the tensi<;n ot the r urrent there. 
The hral in Mieh a circuit is developed ( hieHv at the 
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place where the electrical resistance is greatest, and in the 
welding- circuit will always be at the junctions to be 
welded. The two abutting ends, therefore, are at once 
raised to incandescence, while the rest of the circuit is 
cool. The heat felt at the distance of an inch or two 
from the welded joint is the result of common heat con- 
duction, not electrical heating. All the energy is spent 
just where it is needed. It is one of the properties of an 
electrical current that it moves in the paths of tlie least 
resistance, and the hotter a metal is the greater is its 
resistance. When, therefore, a current is sent through 
junctions to be thus welded, the parts of the sections 
which aie more highly heated than the adjacent parts^ 
force the current into the cooler parts, where it is needed, 
until there is a uniform temperature throughout tiie whole 
area — an important point in a welding process. The ex- 
ternal part of the welding circuit is so contrived as to be 
practical! V a pair of clamps into which the pieces to be 
welded m u' he fastened close to the ends to be joined, so 
tliat when these endsai^e in contact an electric l ine circuit 
is C()m[)iete(l, consisting of the part included within the 
]*i iin;tr} roils, the clamps and metals to be welded. The 
energy s])enl in tliis cirt uit is most e;\silv regulated, and 
is thus adapted to the demands of the work to be done, 
whether it be tliiek or thin l)ars. None of the energy is 
wasted, rind there is no exjXMiditinx' at all when the weld- 
ing is nut in prcjt^ress." 

The machines now beiiv^ niatmfactured are so ofraded 
•as to apply to various kinds of work, horn the smallest 
wire to l)ars of over 3 inclies in diameter. For heavier 
woik.snch as large forgings f)f locomotive frames, car 
axles, shafting, etc., special forms of machines adapted 
to the purpose will be supplied by the company, while 
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by the use of specially adapted holders and clamps applied 
to the standard forms of machines, various shapes and 
irregular sizes of metal pieces may be united without 
difficulty. 
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The machinery which is used for producin-" currents 
for welding, is also used with suitable electric devices 
for electric soldering, brazing, shaping, forging, riveting 
and btndi>iLr of metals. 




MEASURING INSTRUMENTS. 



It is necessary in electrical engineering, as in steam and 
hydraulic engineering, to take nneasurements of the forces- 
and quantities used, and for this purpose we have instru- 
ments depending on the different effects produced by the 
electric current. Some depend on the heat produced in 
a wire carrying the current, others on the magnetic effect 
of the current, while others depend on its chemical effect. 
Some of the most important of these instruments are as 
follows : 

Horizontal Galvanometer, f^^'' measuring electrical 

resistances, testing currents, etc. Consists of a light 
magnetic needle, with agate bearings delicately pivoted 
on a needle-point, so as to have very little friction, and 
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Bnspended above a flat coil of wire. As an electric current 
passes through the coil, the needle is deflected out of the 
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plane of the coil over a scale, and indicating by the amount 
of its deflection, the intensity of the current. 

OardeW Voltmeter.— This instrument differs fronn the 
greater number of voltmeters usually employed, in that it 
makes use of the heating effect of a current instead of 
its magnetic effect, and the rise of temperature of the 
conductor is measured by its expansion. This conductor, 




CARDEW VOLTMETER. 



in the Cardew voltmeter, consists of about fourteen feet 
of platinum silver wire of extremely small diameter ; 
this wire is made to pass along the whole length of the 
instrument over several pulleys, one of which .s 
movable, and back to a terminal near its begmntng. The 
strain of the wire on this movable pulley is counteracted 
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hv a cord attached to a spiral spring-, and passing about 
a small wheel, wliich, by its revolution, causes the pointer 
to be carried over the scale. This, as the wire expands 
or contracts, tiie poi titer indicates, by its greater or less 
deflection, tlic amounts of such change. The advantage 
in using such a long, fine wire in preference to a shorter 
one of much greater sectional area, is that the fine wire 
heats and cools much more quickly than the large 
one does, thus making the instrument nearly dead 
heat. By introducing extra resistance, a much greater 
range of electro-motive force can be used. 

The Cardew voltmeter can be used equally well for 
direct or alternating currents, since, depending^ only on 
heating^ effect, errors of self-induction are not met with. 
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' The Wheatstone's Bridge, illustrated, is for measur- 
ing resistance, and consists of a wooden box containing 
coils of insulated platinum-silver wire, so wound as to 
avoid seif-induction. The coils are made of different 
sizes of wire, in order to vary their resistance from one 
to 4,000 ohms, and their ends are connected t© the brass 
blocks seen on the top of the box. A brass plug fits 
between eacli two adjacent blocks, and when it is in, it 
short circuits the coil, whose ends are attached to the 
blocks. It is by putting in or pulling out these plugs 
tbat the resistance in the circuit is varied, in order to 
make the desired measurement. 




The 

ATTlTTlf 



Voltmeter and Spring 

same principle. Current 
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is passed through a solenoid, which then has a tendency 
to suck in any magnetic object. A piece of iron is sus- 
pended in the solenoid by means of a peculiarly con- 
structed spring, which, when the iron is drawn down by 
the action of the current, causes a pointer to move over a 
scale graduated to read directly in volts or amperes. The 
illustration is an ammeter ; the only difference between 
that and the voltmeter being in the size of wire used in 
the solenoid. 
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Electric Batteries, Bells, Etc. 



Voltaic OeU.— simplest electric battery made is 
the Voltaic Cell. This is made by pUicing in a glass jar 
some water having a little sidphuric acid or any other 
oxidizing ac id added to it. Then place in it separately 
two clean strips, one of zinc Z, and one ot copper C. 
This cell is capable of supplying a continuous flow of 




electricity through a wire whose ends are brought into 
connection with the two strips. When the current flows 
the zinc strip is observed to waste away : its consumption 
in fact furnishes the energy required to drive the current 
through the cell and the connecting wire. The cell may, 
therefore, be regarded as a sort of chemical furnace ni 
which the fuel is zinc. Before the strips are connected 
bv a wire no appreciable difference of potential between 
the copper and the zinc will be observed by an electro- 
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meter; because the electtometer only measures the 
potential at a point in the air or oxidizing medium outside 
the zinc or the copper, not the potentials of the metals 
themselves. Tiie zinc itself is at about 1.86 volts lower 
potential than the surrounding oxidizing media ; while 
the copper is at only about .81 volts lower, having a less 
tendency to become oxidized. There is then a latent 
difference of potential of about 1.05 volts between the 
copper and the zinc ; but this produces no current as 
long as there is no metallic contact. If the strips are 
made to touch, or are joined by a pair of metal wires, 
immediate! V there is a rush of electricity through the 
metal from the copper to the zinc, and a small portion of 
the zinc is at the same time dissolved away; the zinc 
parting- with its latent energy as its atoms combine with 
the acid. This energy is expended in forcing a discharge 
of electricitv through the acid to the copper strip, and 
thence through the wire circuit back to the zinc strip. 

■ 

The copper strip, whence the current starts on 
journev through the external circuit, is called the positive 
pole, and the zinc strip is called the negative pole. 

Electric Batteries m-t} be classified according to their 
use into open circuit and closed circuit batteries. An 
open circuit battery is a battery which is used when a 
current is needed for a few seconds at a time. If the cir- 
cuit is kept closed too long the battery will become 
polarized, that is, hydrogen will collect on the carbon and 
prevent the current passing through the circuit. If, how- 
ever, the circuit is opened the battery will recover itself 
in time. These batteries are designed for bells, tele- 
phones, gasiighters, etc. 

To this class belong the Leclanche, Samson and Law. 
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Closed circuit batteries are used for continuous work- 
as for electric lighting, electro plating, fire alarms, etc. 

To this class belong the Grenet, Gravity, Gove, Bun- 
sen and Fuller batteries. 



The Leclanclie Battery -l" this cell the exciting 

liquid is a solution of sal-ammoniac. In this the zinc 
dissolves, while ammonia gas and hydrogen are liberated 

at the carbon pole. 

To prevent polarization in the disque form, the carbon 



plate is packed inside a porous cell with fragments of 





carbon an.l powdered binoxide of manganese, which 
slowlv Yields oxvgen, and destroN s the hydrofien bubbles 
In the prism form the binoxi<le of manganese isapphed 
in plaques or prisms, thus avoiding the necessity of usn,g 

a porous cell. , 
Tlie Leclanche cell will give a continuous current only 

for a short time, ihe power falling off, owing U. the accu- 
n,„lation of hvdrogeu bubbles; if thecircu.t ,s left open 
for a time the cell recovers itself, the bmoxKie gradually 
destroying the polarization. 
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The cell is in other respects perfectly constant, very 
clean, and as it does not require renewing for months or 
vears, when closed only for a few seconds at a time, it is 
well adapted for working: electric bells, annunciators, 
burglar aLirms, and for other domestic purposes. This 
battery is set up in the following manner : 

Put six ounces of sal-ammoniac into the glass jar fill 
one-third full of water, and stir. Put in the porous cell 
and fill with water to the neck of the jar, pouring a little 
water into the hole in the porous cup. Put in the zinc 
and connect the battery. 

The inside of the rim of the jar is paraffined, and 
should be kept greased to keep the salts from creeping. 

The battery should be kept in a dry place of medium 
temperature. It requires verA* little attention ; water 
should be poured in occasionally to supply the loss by 
evapora: In case the solution becomes milky, and 

the battery fails to work, the solution should be thrown 
out and fresh sal-ammoniac and water put in. If this 
does not restore the batter\', soak the porous cell in warm 
water. If it still fails, new porous cells must be used. 

Law Battery. — The jar is of flint glass, four and a 
quarter inches square and seven inches high. The lid is of 
hard rubber composition and has three lugs on its flange, 
which engage with three on the inside of the mouth of 
the jar, thereby locking the lid hard down against a soft 
rubber washer. The negative element is a double cvlin- 
der of pure carbon, weighing about twenty ounces and 
having a vcn' large surface — about 147 square inches. 
The positive element is a rolled rod of zinc ; the excitant. 
2 and 1-2 pints of sal-ammoniac solution. A carbon 
button specially prepared is interposed between the nega- 
tive element an ' r • t ! ^ inding post to protect the I at- 
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ter from corrc.sion— a rruttriil source of trouble in other 
batteries of tliis class. The very hirc,^e quantity and sur- 
face of ihc ne:^:ili\ e element (being three or four times 
the usujl (iuantit\ and surface in batteries of this class) 
and the hu-ge quantity of solution (about double that 
ordinarily used, i^dves the battery a very low resistance 
and a verv -reat holding up power under hard or cxces- 

si\c use. 

It^ K. F. is about 1.5 volts, internal resistance, .5 
of an olun. 

The Samson Battery.-'^ -^-^ l^^-^^^ery in France, where 
first maniiLictured, is the le:iding open-circuit battery. 
This l)atterv is not only presented for its great efficiency 
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in call bell- annunciator, burglar alarm and gas-lightin 
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Zinc^ Carbcn and Cover. 



work, but it is also especially adapted to telephone ser- 
vice on account of its remarkable endurance and long life. 

The essential characteristics of the Samson Battery arc 
its fluted carbon porous cup and cylindrical zinc. 
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The former is imported direct from the Paris manufac- 
turer in order to insure the perfection of quality whicli 
he has reached by years of practical experiment. 

The carbon cup is corrugated, to present a much larger 
surface to the action of the solution ; is porous to render 
the flow of the solution into the cup unresisted ; is filled 
with a depolarizing material, to add to the battery dura- 
bility and recuperative power. The zinc is of the best 
quality, well amalgamated, presents to the solution an 
unusually large surface, and nearly surrounds the carbon 
cup, thus reducing the internal resistance of the battery 
to almost nothing. 

The neck of the jar has a choke which supports a 
rubber cover, to prevent evaporation, closely fitting the 
corrugated carbon, which it holds safely apart from the 
zinc. In this cell the exciting liquid is a solution of sal- 
ammoniac. 

Gravity Batteries are two fluid cells. The one shown 
in the engraving is the Crowfoot Battery. 




Instead of employing a porous cell to keep the two 
liquids separate, it is possible, where one of the liquids i* 
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heavier than the other, to keep the latter on the bottom, 
and have the lighter floating upon it; this separation, 
however, is never perfect, the heavy liquid slowly diffus- 
ing upward. 

To set up this battery proceed as follows : 
Open out the copper, so as to present all of its surface 
to the action of the solution, place it in the bottom of the 
jar, run the insulated wire out of the top of the jar for 

connecting up. 

Suspend the zinc above the copper by hanging the 

hooked neck on the vim of the glass. 

Pour clean soft water into the jar until it covers the 
zinc, then drop in six or eight ounces of copper sulphate 
(blue vitriol) in small crystals. 

Connect the battery (for ordinary purposes) zinc of 
one cell to copper of the next and so on, and connect the 
' - two electrodes of the series and let them so remain for a 
few hours, until the separation of the two solutions, which 
will be known bv the blue observed in bottom of copper 
solution. This "blue line" should be maintained mid- 
way between the zinc and copper: when it is too low, 
drop in a tew crystals of copper sulphate, when too high, 
connect the batter^• in short circuit as before described 
imtil it oroes down. 

While the battery remains in action there is an increase 
in quantity of zinc sulphate solution in the upper part of 
the jar. 

When zinc oxide forms on the surfaces of the zinc, it 
must be taken out and washed in clean water with a 
brush. 

The Grenet Battery, shown in the engraving, consists 
of a glass jar or bottle. A well amalgamated zinc plate 
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forms one pole and a pair of carbon plates, one on each 
side of the zinc, joined at the hard rubber top, forms the 
other pole. The zinc plate is fixed to a brass rod, by 
which it can be drawn up out of the solution when not 
in use. To charge this battery proceed as follows : 

To three pints of cold water add five fluid ounces of 




GBENET BATTERY. 

sulphuric acid. When this becomes cold add six ounces 
(or as much as the solution will dissolve) of finely pul- 
verized bichromate of potash. Mix well. 

Pour the above solution into the glass cell until it 
nearly reaches the top of the spherical part ; then draw 
up the zinc and place the element in the cell. The fiuid 
should not quite reach the zinc when it is drawn up. 

Dry Batteries.-It is often necessary to arrange bat- 
teries so that they may stand considerable jarring, or even 
overturning, when a liquid would be spilled. Therefore 
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came the invention of the Dry liallery. Of this type the 
Standard Dry Baiiery is one of the leadin^r batteries of the 
present time, i he ba lery shown in the cut is made by 
hllin;; in the space between a hollow carbon cyhnder and 

plate which faces both extern.il and internal 
(,f the cylinder, with the chemicals in a dry, 



a metal 
surfaces 




or rather pasty form. The whole is then sealed 
li^ht into the covering and is ready for use. Neither 
of the elements is consumed durin;; action, but the 
( hemicals are decomposed. It is. therefore, free from 
ti»c efTects of polarization durin;; the greater portion of 
its life, and can be restored a;;ain when exhausted by 
passin;; a current from its positive to its negative pole. 
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being thus, in a certain sense, ;i storage battery. Its 
M. F. is about 2 volts, and it will o-ive a current of from 
6 to 10 amperes, as its internal resistance is very low^. 

Storage Batteries or Accumulator s.-^'^'^^e possibility 

of storing electricity was first suggested in 1801, by 
Gautherof s ilisco\ery that two plates of the same metal 
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immersed in acid, after having been subjected to the 
action of an electric current in one direction, would pro- 
duce a secondary current in the opposite direction. 

In 1859 Gaston Plante, while engaged in a series of 
experiments upon this phenomenon, devised a storage 
battery consisting of plates of lead immersed in dilute 

sulphuric acid. 

Camille A. Faure, after many experiments in this field, 
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made the remarkable discovery that a paste of oxide of 
lead meclianically applied to the plates, brought them 
instantly into the condition to receive a charge which was 
only accomplished by Plante after months of electrical 
treatment. 

Otie of the best storage batteries of the present day is 
the Electrical Accumulator Co.'s battery shown in the 
engravino^. combining the invention of Faure with many 
improvements. 

This cell (see engraving) is made up of fifteen plates, 
eight negatives and seven positives, and is especially 
adapted to isolated and central station lighting. 

The electro-motive force of the cell is about 2 volts. 

The internal resistance is Extremely low, say from .001 
to .005 ohm, and tlie range of the current large. 

The capacity of the cell in perfect condition is some- 
v.'bat underestimated at 300 ampere-hours ; 30 amperes, 
a safe woi kin"- current, will last for over ten hours, with 
not exceeding to per cent, drop in electro*motive force, 
or a less current will be supplied by the cell for a proper- 
lionateiy greater nnmhcr of hours, A greater rate — up 
to 300 amperes — could also be obtained, but so great a 
strain upon this size of cell wotild injure the plates. 

vStoraL!;^e butteries can be used for electric lighting, sta- 
tionary and loconiotiv e power-, electro-plating, telegraphy, 
medical and sni"*_'^jcal j^turposes, etc. 

Electric Bells. — I'l^c common form of electric bell or 
t:reml)lcr ctnisists of an electi'omagnet, which moves a 
ha miner l)ackward and ft^rward hy alternately attracting 
and rcleasin<^ it. so that it beats against a bell. The 
arrangements ol' llie instrument are shown in the diagram, 
in which E is the electromagnet and H the hammer. A 
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l)atterv. consistincf of one or two Leclanche cells placed 
at some convenient point of the circuit, provides a cur- 
rent when required. By touching the "push" P the 
circuit is completed, and a current flows along the line 
and round the coils of the electromagnet, which forthwith 
attracts a small piece of soft iron attached to the lever, 
which terminates in the hammer H. The lever is itself 
included in the circuit, the current entering it above and 
quitting it ;it C by a contact-breaker, consisting of a 





spring tipped with platinum resting against the platmum 
iip of a screw, from which a retmn wire passes back to 
the zinc pole of the battery. As soon as the lever >s 
attracted forward the circuit is broken at C by the sprmg 
moving awav from contact with the screw ; hence he 
current stops', and the electromagnet ceases to attract the 
armature. The lever and hammer therefore ta 1 back, 
again establishing contact at C, whereupon U,e hamme^ 
is once more attracted forward, and so on. The push P 



306 



HAND-BOOK OF ELECTRICITY. 



is shown in section on the right. It usually consists of a 
CTlindrical knob of ivory or porcelain capable of moving: 
loosely through a hole in a circular support of porcelain, 
or wood, and which, when pressed, forces a platinum- 
tipped spring against a metal pin, and so makes electrical 
contact between the two parts of the interrupted circuit. 

The Victor Wooden Box Bell.— Its superiority con- 
sists in a soft iron bed-plate, to protect the adjustment 
firom warping of the base-board ; a double adjustment of 




the tension of spring as well as length of stroke ; a novel 
and convenient clasping device for fastening the box to- 
base-board ; platinum contact points, and gongs of supe- 
rior tone. The magnets of the 2 1-2, 3 and 3 1-2 inch 
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bells are wound to three ohms resistance, and the gongs, 
binding posts, a: mature and hammer are all nickel plated. 
Finished in black walnut, plain and stained cherry, oak 

and ash boxes. 

The accompanying- engraving shows the Victor Bell 

uncovered. 

The Lungen Bell is entirely new in construction. The 
base and cover arc stamped, and having ribbed edges are 




strong, light and cun.pact. Every piece is mterchange- 

able, special machinery being used in its --f-^--. 
The armature, hammer and its rod and adjustn.g sprmgs 

that they cannot work loose. i lie 



are 



combined so 
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adjusting screw is held firmly by spring nut and always 
remains as set. The base and metal parts are nickel 
plated. The cover is made to spring on and requires no 
fastening. The hammer rod passes through the side of 
base, thereby filling opening making it dust and insect 
proof. 

The Star Electro-Mechanical Gong— The Star Gong 




is designed for use on railroads, in fire department sta- 
tions, lactories, engine rooms, school houses, etc., where 
unerring alarms are requisite. 

The mechanism is simple, and its operation accurate. 
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The release, controlled by the electro-magnet, is pro- 
vided with an attachment which holds the hammer in po- 
sition, except at the instant the current ceases, thus pre- 
venting more than one stroke for each pressure of the 
key. The hammer thus released falls into position for 
the blow, releases a stop-lever, and sets in motion a spring 
mechanism geared to a five-pointed star, one point of 
which forces the hammer to strike the blow. The ham- 
mer itself is faced with lignum vitai, to render the alarm 
more agreeable to the ear. 

One winding of the spring (not clockwork) will serve 
300 blows upon the gong. 

The magnets may be wound to any desired resistance 
to suit the requirements of any circuit. The large sized 
gongs are fitted to order for use on reversal circuits. 
Continuous ringing attachments are furnished with the 
gongs, when so ordered, without additional cost. 

The instrument is weather-proof, provided with light- 
ning arrester, and mounted in handsomely finished black 
walnut or ash cases, with plate glass fronts. 



The 



The Thomson-Van Depoele Mine Locomotive- 
general appearance of the Thomson-Van Depoele loco- 
motive is shown in illustration. The No. 4 machine, with 
a capacity of 60 horse-power, has a total height from top 
©f rail of 39 inches. The controlling devices are all at 
one end, and the body of the locomotive being so low that 
the view is unobstructed in either direction, the operator 
need not change his position in reversing the motion of 
the locomotive. Two Electric Parabolic Reflectors are 
provided at each end, making the track clearly visible 
for long distances. The trolley is of the douVe-elbow 
pattern, found so admirably suited to mine work m 
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previous installations. It accommodates itself to the 
varying heights of the trolley wire within any reasonable 
range. The sheet-iron makes a complete water-tight 
armor, protecting the moving part from danger of fallen 




THOMSON*! VAN DKPOELK illNlNG LOCOMOTIVK. 

rocks or bodies of ore and coal. I'he illustration shows 
the locomotive in an enlarged chamber, but about to enter 
a tunnel whose height from top of rail is scarcely four 
feet, hence the depression of the trolley wire as shown. 
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Glossary of Electrical Terms. 



ACCUMULATOR.— See battery and condenser. 
AMMETER. — An instrument for measuring current strength. 

AMPERE.— The unit of current strength. It is the flow ol 
electricity produced by the pressure of one volt on a resistance 
of one ohm. 

ARC. — The stream of hot gasses and particles of carbon visible 
between the carbons of an arc lamp. 

ARMATURE.— That part of a dynamo in which the current is 
induced. It may be a stationary or moving part, but is gen- 
erally the latter, and is composed of coils of wire which "cut" 
the lines of magnetic force produced by the fields. This "cut- 
ting" induces a current in the coils. 

BATTERY. — One or more cells in which electricity is produced 
by chemical action. There are two elements of different sub' 
stances and a liquid in every voltaic battery. A primary bat- 
tery is one in which the " elements" are placed and used until 
they are worn out. In a secondary or storage battery or accu 
mulator the "elements" are placed in the cell and first 
formed" by the passage of a current of electricity through 
them. The cell is then said to be charged and may be used 
to supply electricity. The term battery is also used to desig- 
nate a collection of Leyden jars in which static electricity is 

stored. 

BRUSH —A collection of metal sheets or wires which press 
aeainst the commutator of a dynamo to collect the electncity, 
or of a motor to supply it. Carbon brushes are coming into 
use now, especially in railway work. 

B. & S.— Brown and Sharp. The wire gauge used in America. 
W. G.— Birmingham wire gauge. The English wire gauge. 

CELE —The jar in which the elements and liquid of d battery 
are placed. The term is used also for the jar and its contents. 
G S —The abbreviation of centimetre, gramme, second, and 
used to designate the so-called absolute system of measure- 
ments. 

CIRCUIT.— A system of conductprs over which electricity passes. 

rnu CLOSED —The coils of an armature are said to be closed 
when the end of one is connected to the beginning of the next 
rt the commutator bar. An open coil armature is one in which 
«ch coU is independent of the others and has its own com- 
mutator bars. 
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COMMUTATOR— That part of a dynamo on which the current 
from the armature is rectified before passing to the external 
circuit. The current in a given section of an armature alter- 
nates and must be made continuous on leaving it. This is 
done bv the commutator, which consists of a series of insulated 
metal bars connected to the armature wires and so placed as- 
to feed into different brushes as the current changes. 

CONDENSER. —An apparatus for collecting and holding elec- 
tricity It consists of alternate layers of conducting sheets and • 
insulating material, the conductors being very close together, 
and the adjacent ones being charged with the opposite kinds 
of electricity. Their proximity enables them to hold a larger 
amount of electricity than they could if alone. Condensers 
are sometimes called accumulators. 

CONDUCTOR.— A substance which will allow the passage of 
electricity oyer it. All substances will do this, but some to so 
small an'extent that they are called insulators. 

COULOMB.— The unit of electric quantity. It is the amount of 
electricity which flows past a given point in one second on a 
circuit conveying one ampere. 

CURRENT.— The flow of electricity in a conductor analogous to 
the flow of water in a pipe. A continuous current is one that 
does not change its direction, while an alternating current is 
one that periodically reverses. 

CUT OUT.— An arrangement for interrupting a current or for 
shunting it around some part of a circuit. 

DYNAMO.— A machine driven by power which furnishes elec- 
tricity. 

DYNAMOMETER.— An apparatus for measuring the power 
given out or consumed by a machine. An electro-dynamometer 
is an instrument for measuring a current by the mutual action 
of two coils through which it passes. 

ELECTRODE.— A pole of a battery. 

E , F. — An abbreviation for electro^motive force. This is the 
pressure which forces the electric current through a conductor. 

ELECTRO-MAGNET.— A magnet produced by passing a cur- 
rent throui^h a coil of wire around a soft iron core. The core 
is magnetized while the current flows, but loses its magnetism 
when the current stops. This form of magnet may be made 
much more powerful than a jSermanent magnet, and is there- 
fore used in place of the latter in dynamos. 

FARAD.— The unit of capacity. A condenser that will hold 
one coulomb at a pressure of one volt hae a capacity of one 
farad. 
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FILAMENT.— In an incandescent lamp the thread of carbon 
which becomes luminous when the current is passed through it. 
GALVANOMETER. — An instrument for detecting and measur- 
ing the electric current by the action of a coil of wire upon a 
magnetic needle. 
INDUCTION.— A current is said to be induced in a conductor 
when it is caused by the conductor cutting lines of magnetic 
force. A fluctuating current in a conductor will tend to induce 
a fluctuating current in another running parallel to it. ^ static 
charge of electricity is induced in neighboring bodies by the 
presence of an electrified body. A magnet "induces mag- 
netism in neighboring magnetic bodies. 
INDUCTION COIL.— An arrangement by which ah alternating 
or fluctuating current in a coil of wire will induce an alternat- 
ing current in a parallel coil. 
INSULATOR.— The opposite of a conductor. A body which 
will not allow the passage of electricity except in such small 
quantities as to be negligable. 
T TNES OF FORCE.— Imaginary lines which radiate from a 
magnet and show bv their^direction the path which a free mag- 
netfc pole would take if left to itself. C«"^<="tionally the 
Ttren-th of a magnetic field is indicated by the number of these 
lines.^ Their fofm is shown by the well known experiment 
with the magnet and iron filings. 
MAGNET.-A body possessing the property of attracting iron. 

steel and a few other metals. > 
MAGNETIC FIELD.— The space around a magnet in which its.. 

power of attraction is exhibited. 
MITT TTPLE or MULTIPLE ARC.-A method ot connecting 

it directly from the same mams. 

XTFP XTIVF -\ conventional term to indicate the direction of 
NEGAT1\ P.. ''y^^"'/ ^ of electrification of a body. The 

flow of a current, or ^'je ^^^^^ ^ at which electricity 

negatn-e or ^-^^[^^^^ l^Ue the negative terminal 
TT^^pT^^^^^^^ connected toward, the negative 
terminal of a dvnamo. It is designated by - 
OHM -The unit of electrical resistance. 

OHMS L^W.-States that the current in any circuit i. eqaal to 

- ^-;^^rl^^t"e^nr^r^ steel which 

moved- 

PARALI^FX — See Multiple. 



POLE.-Those parts of a magnet which show he etrongest 
magnetic force In a bar magnet this is generally a short dis- 
tance from the ends. The pole of a dynamo or battery is one 
of its terminals. 

POSITIVE— A conventional term to show the direction of a 
' current. In a dynamo or battery it is the terminal at which 

the electricity leaves it. It is designated by X- 
POTENTIAL —Power to do work. It is commonly used as 

..ynonymous with electro-motive force in speaking of dynamos 

or batteries. 

RESISTANCE — The opposition offered by a body to the passage 

of electricity through it. 
rheostat'— An apparatus for throwing a variable resistance 

into a circuit at will. 

SERIES —Two or more conductors are said to be in series when 
they are so connected tftat the same current that passes through 
one passes through the other. 

SHORT CIRCUIT.— An indefinite term used generally in the 
case of dynamos and batteries for a resistance between the 
terminalsTower than the machine or battery is calculated to 
Ptand or run on in practice. With lamps the term is used for a 
low resistance between the terminals, which deprives it of most 
of the current. 

SHUNT —A shunt is a conductor connected around another m 

such a way that it deprives the first of a part of the current. 
SOLENOID.— A hollow coil of wire. 

TERMINAL.— The point at which the electricity enters or leaves 

an electrical apparatus. 
VOLT.— The unit of electro-motive force or pressure analogous 

to the head of water in hydraulics. 
VOLTMETER.— An instrument for measuring the voltage or 

pressure on a circuit. 
WATT —The unit of work. The watts developed in a circuit 

:ire equal Lo the current multiplied by the E- M. F. 746 watts 

equal one horse power. 
WATTMETER. — An inttrument for measuring the electrical 

energy in a circuit. 
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Edison Electric Mining Hoist -On page 122, is a view 

of the Edison Electric Islining Hoist. The general ar- 
rangement of the two different parts can be understood 
very easily from the view given. Direct gearing between 
the armature and drum is used, and all gears are boxed 
in iron cases to protect them from dust or stray stones. 
At the same time the cases can be quickly removed if oc- 
casion should require to reach the working parts. Every 
part of the machine is designed to give the greatest power 
with the least weight, and by this means the machine is 
made quite light and can be easily transported from one 
part of the mine premises to another. 

The qualities of durability, compactness, ease of opera- 
tion and minimum of wear, so essential in mining work, 
have been carefully attended to in this machine. The 
view presented shows that no extra room is taken up by 
any part of the apparatus. Everything is arranged to fit 
closely upon the base frame of the hoist. The speed of 
the motor is controlled by a switch at one side, by means 
of which the motor can be made to vary its speed by a 
single movement of the switch handle. Turning the han- 
dle to one division will make the motor run slowly, through 
two divisions, faster, and full number of divisions at full 
speed, while turning the handle in the opposite direction 
will give similar rates of speed with opposite direction of 
motion. This electric hoist is supplying a long felt want 
in mining and mill work, where a convenient and porta- 
ble hoist which can be operated from a lighting circmt 
already installed, has been needed. 
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The Otis Electric Eievator.-E)eva or ^-'^^^' y'J^ 

a rule, meets with the roughest manipulatiot. while .n use^ 
No other apparatus operated by electric power is exposed 
to such strain-not even in street railway service, where, 
at least, the same operator is constantly in charge and a 
systematic inspection considered indispensable 

By carefully considering these special conditions, this 
company has succeeded in perfecting an electric elevator 
which is well suited to many places where it has hereto^ 

fore been impracticable to use such an ^PP»^^^"^;^ 
winding-machinery and safety appliances (including the 
Zty Governor, the Gravity Wed^^Safety, the 
Stop-motion and the Slack-cable Stop ; also levees 
for controlling the movement of the elevator car) a e such 
as they have leen constantly building for the past tw^^^^^^ 

five years ; consequently there are no experimental feat 
ures To give rnotion to the elevator machinery, they 
rnnec^theLwith, and maUe a part of the same the v r, 
ingeniously constructed motor (invented by Mr. Rudo ph 
ingenioub y , xr v which possesses many 

Eickemeyer,of Yonkers Y.,) w P 

novel and meritorious features, especiai > f 
vator service for which it is expressly designed. This 
rlr when'so combined with the elevator, stops and 
r ts Jth a .radual movement, and consumes power only 
r?o;:;':n^o us load, and only whi|e the e^^ator -s - 
J, thus effecting the greatest economy in he c p 
tion of power. It possesses in a gh de ree^ 

Sr^rr:: s:;^.e in an its parts, of the best 
tamed. Simple and^ mechanical requirements, it 

material to m etelectr ca, ^ ,„„,„uction, which makes 

is also P^°"=^^^'^,Yelv iron clad, without adding any un- 
the motor completely i^n cl ^^^^^^^^^^ 

necessary weight. It has, luruic , 
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of a powerful field and the shortest possible magnetic 
circuit, which entirely prevents " sparking " at the com- 
mutator, and affords perfect self-regulation. It may also 
be added that, although it possesses a very strong mag- 
netic field, yet there is no external magnetism in the 




machine. The motor is so coupled to the elevator-gear 
that it starts and stops with the winding-machinery, the 
whole being under perfect control of the operator in the 
car, thus forming a self-contained apparatus, free from 
jerky and irregular running of detached gearing, as when 
operated by belts. 
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The Isle of Shoals Cable -The isie of Shoais situated 

a few miles off the New Hampshire coast, is one of the 
most charming marine resorts New England can boast of, 
and that is saying a great deal. 

This group of islands has won a world-wide reputation 
for its quietude and invigorating air, and for years past 
there has been a constantly increasing number of visitors 
there from many parts of the United States. So impor- 
tant a summer resort have the islands now become that it 
has been deemed advisable to provide cable facilities, for 
transcient patrons as well as residents, with the outer 
world, thereby enabling gentlemen to maintain communica- 
tion with their home friends and business associates, and 
when necessary transact business which might be urgent. 
With this end in view, a number of capitalists interested 
in the continued prosperity of the Isle of Shoals organized 
the Gardner Cable Co., for the purpose of laying a sub- 
marine cable from Appledore Island to the mainland. In 
April last the project had so far advanced that a contract 
was made with Mr. C. S. Knowles, of Boston, represent- 
ing the Safety Insulated and Wire Cable Co. of New 
York, to manufacture such a cable as was necessary. The 
cable itself is ij inches in diameter, containing two wires, 
protected by insulation, and armored with 15 strands of 
No. 8 galvanized iron wire. The total weight was about 

^6 tons. , . 1 

The cable on an immense truck, as shown, was shipped 

from New York on a barge, which was towed to ,ts des- 
tination by the tng R. C. Veit. On the morn.ng of the 
day set nearly every soul on the islands turned out to 
watch the work of laying the cable. 

Notwithstanding that a northeast gale had left a strong 
surf rolling, the work was accomplished in a few hours. 
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telegraphic communication with \he outer world being 
promptly established. The work of paying out the cable 
went on at a rate of nearly three miles an hour, the end on 
the mainland being first secured, the tug then steering 
towards the islands. When it was proved that there 
would be some difficulty and delay in landing the main- 
land end of the cable, ropes were made fast to it, and 
about every person present assisted in hauling on. the 
ropes. The cable lands near the point shown in the 
accompanying cut, which gives an accurate view of Apple- 
dore Island with hotel and cottages. The Postal Tele- 
graph Cable steamer, Captain West, rendered valuable 
assistance. As soon as telegraph connection could be 
made with the Western Union Company's line, the follow- 
ing message was dispatched from Appledore Island to Mr. 
Oscar Leighton, one of the proprietors of the hotel and a 
director of the cable company : " You are at last con- 
nected by wire with the United States. Praise God from 
whom all blessings flow." 

The cable itself was a magnificent piece of work, being 
36,000 feet in length. When loaded on a heavy truck for 
transportation from the works to the wharf where it was 
transferred to a barge, in New York, the whole weighed 
53 tons, and to haul this mass through the streets of the 
metropolis no less than thirty horses were harnessed to 
the truck. It is said to have been the heaviest load that 
ever was hauled through New York City, and naturally 
excited much attention. The cable is now in regular 
service, giving great satisfaction, and its value as a means 
of communication with the mainland has already im- 
pressed itself on the minds of the authorities, so that there 
is a probability of a life-saving signal station being estab- 
lished on the islands. 
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